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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONS 

BY FEDERAL EXPRESS 

230 SOUTH DEARBORN ST. 
CHICAGO, ILLINOIS 10604 

REPLY TOAnENTION Of: 

July 18, 1991 

Joe Adams, P.E. 
Warzyn Engineering Inc. 
2100 Corporate.Drive 
Addison, Illinois 60101 

SHS-11 

Re: Feasibility Study Comments - American Chemical Services Site -
~- Griffith, Indiana 

Dear !k. Adams: 

Enclosed you will find u.s. EPA comments on the Draft Feasibility 
Study Report for the .ACS site. The following Agencies and 
companies participated in the review of the document: U.S. .. 
Department of the Interior, U.3. Army Corps of Engineers, Indiana· 
Department of Environmental Management, u.s. Geological Survey, 
u.s. EPA's Water, Air and Waste Management Divisions and Roy F. 
Weston Inc. 

There are six attachments to this letter which comprise the comment 
package. Attachment 1 is the body of comments on the FS Report. 
Attachment 2 is a listing of U.s. EPA Water Pollution Control 
ARARs. Attachment 3 is a listing of ARARs forwarded by the IDEM. 
Attachments 4 through 6 correspond to references in Attachment 1, 
and Attachment 7 is a body of potential A-~sfcomments forwarded by 
the u.s. Army Corps of Engineers. Attachments 3 & 7 are to be 
considered relevant comments, as if they had been included under 
Attachment 1. 

I would like to schedule a meeting for the week of August 5 to 
discuss these comments. Please contact me as soon-as possible to 
arrange a time and place for the meeting. 

Also, with this letter, I am formally announcing my departure from 
thE Agency for a position at Argonne National Laboratory, effective 
August 9, 1991. I hope to have a replacement who will take over my 
duties for this site, attend the above-referenced meeting. 



Mr. Joe Admll, P .E. 
AmrricaD Olcmical Scrvicca S&e 

Pt:uililirJ· Sludy 
July J8, 1991 

l'lcc2 

If you have any questions please do not hesitate to call me· at· 
(312) 886-5116. 

Sincerely, 

~~ 
Robert E. swale 
Remedial Project Manager 

Enclosures 

ce: John Manley, IDEM 
Dan Sparks, FWS 
Jim Burton, Roy F. Weston 
Jean Palensky, USACE 

. . 

I . 
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General Comments OD the Feasibility Study Report 

Griffith Municipal Landfill 

The recently revised version of the Baseline Risk Assessment (BRA) 
includes an assessment of the Griffith Municipal Landfill. The BRA 
assumes that operation of the leachate collection system will be 
discontinued for the future site risk scenario and continues to be 
operated for the current site risk scenario. The BRA concludes 
that no current or future land use risk exists for the Griffith 
Landfill, and that the leachate collection system currently in
place, adequately prevents leachate from leaving the landfill. The 
BRA also concludes in the future site risk scenario, that leachate 
will be discharged to the wetlands surrounding the landfill, and 
would not reach potential future residences. This is based upon 
the assumption that future residences could not be established in 
the wetlands, since current wetland and waterway rules will remain 
in effect. At this time EPA is reviewing the BRA and ecological 
assessment and will withhold judgment until that review is 
complete. However, EPA is concerned with the effect that leachate 
discharge will have to future site trespassers and to future users 
of site groundwater who may build in areas bordering the landfill 
and adjacent wetlands. Additionally, the Ecological Assessment 
(EA) does not include an analysis of the effects that leachate 
discharge is likely to have to the surrounding wetland 
environments. 

EPA will soon be writing comments on the EA and the BRA which will 
point out any deficiencies found in the reports. Since these 
comments will be forthcoming and may change the conclusions of the 
EA and the BRA for the landfill, the need to address the Griffith 
Municipal Landfill in the FS at the level of detail requested in 
the comments below, will be reserved until EPA approves the final 
BRA and EA. If the BRA and the EA show that the landfill presents 
an unacceptable risk to human health andjor the environment in the 
future or current risk scenarios, then the concept outlined below 
will apply to the Griffith Landfill in the FS. 

The Griffith Landfill, if found to present a risk, will require a 
genuinely different type of remedial action than the remaining 
portions of the ACS site. The ACS site (excluding the Griffith 
Landfill) is composed of highly mobile and highly toxic industrial 
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wastes confined to distinct source areas. These source areas are 
known to have adversely affected the surrounding groundwater and 
soils. Conversely, the Griffith landfill meets the definition of 
a municipal landfill (which has recently been regarded by the 
Agency as having a unique set of characteristics and in turn a 
unique set of probable remedial actions) • Accordingly, the 
Griffith Landfill should be separated from the rest of the ACS site 
in the FS report, since these two subsets of the ACS Site will be 
different in the approach taken by the Agency to address remedial 
action alternatives. 

In general, the Griffith Landfill should be discussed in the FS 
within the context of its own section or subsection which outlines 
a series of distinct alternatives normally associated with remedial 
actions for municipal landfills. Recent guidance on conducting 
RI/FS' at municipal landfills should be referenced for additional 
information on the Agency's strategy for municipal landfills. 
OVerall, the remedial action alternatives proposed for municipal 
landfills in the guidance, assume that containment will be the 
primary remedial action. This being so, it would be better to 
separate the two portions of the site based upon these inherent 
differences. This would then allow EPA to select a remedy for the 
Griffith Landfill separate from the remedy selection for the rest 
of the ACS site. This separation will then allow EPA to make the 
best decision for the different portions of the site. 

optimizing Off-Site Groundwater PUmping and Treataent 

Discussion in the FS report concerning the remediation of 
contaminated "off-site" groundwater needs to be significantly 
modified. Discussion concerning the remediation of contaminated 
off-site groundwater, proposes groundwater containment · through 
pumping and treatment rather than aggressive remediation as the 
overall remedy for contaminated groundwater off-site. u.s. EPA 
believes that a more comprehensive action should be committed to 
for the off-site areas. The FS should commit to remediating the 
off-site areas in an aggressive manner, seeking to remediate the 
off-site groundwater in as short a period of time as possible. 
This would be in accordance with the NCP's goal of restoring 
groundwater to beneficial use within a practicable amount of time. 
The current version of the FS does not seek to restore the aquifer 
to its beneficial use within a reasonable amount of time, but 
rather relies on a minimal effort to control the spread of 
contamination in the off-site areas and relies on a more passive 
system. 

As stated in Section 3 of the FS, conventional pump and treat 
systems (i.e., extraction wells set in locations to for a capture 
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zone cone of depression) have demonstrated limited successes for 
remediating site groundwater contamination. This has been recently 
supported in the literature. However, the literature recognizes 
that groundwater remediation systems which focus on aggressive 
remediation are more effective than those which rely on plume 
containment. Basic pumping and treatment of the off-site areas may 
accomplish little in the way of actually cleaning up the 
contaminated groundwater but may merely tend to control migration 
of the plume. This does not conform to the interests of the FS and 
the NCP which seek to return the groundwater at the site to 
beneficial use in a reasonable amount of time. An aggressive pump 
and treat system for the off-site areas may include the placement 
of withdrawal and injection wells in the off-site areas in 
locations which will facilitate aquifer cleanup time and 
efficiency. A pump and treat system which in the beginning is 
sought to be optimized will likely be more successful than one 
which is not. 

The enclosed paper (Attachment 4) shows that through the use of 
computer modeling, various pumping schemes may facilitate aquifer 
cleanup time. The example provided in the paper, discovered that 
reinjection significantly reduced cl~anup time. In terms of the 
ACS FS, a model should be used to determine an estimate of the time 
required to complete cleanup of the "off-site" aquifer using 
various pump and treat scenarios (i.e., using different well 
configurations, number of injection and withdrawal wells, pumping 
rates, etc). The model should be able to provide sufficient 
information to compare the costs and benefits of various pumping 
and treatment systems thus enabling an estimation of the remedial 
cost and relative time to complete the remediation. As an example, 
present worth analysis of a pump and treat system expected to 
require 10 years to meet cleanup goals, may be more or less 
expensive than one estimated to require 30 years, or the pump and 
treat system taking 10 years may require a treatment system with 3 
to 5 times the capacity as the presently foreseen system and may 
result in a significant increase in space required for a treatment 
plant. 

Modification of Alternatives 3 and 6 

During review of Chapter 4 of the FS report, it was noted that 
alternatives 3 & 6 are structured to assume that significant 
amounts of the semi-volatile compounds of concern are more likely 
to be left in place following primary treatment (i.e. , thermal 
treatment) of the major source areas. 

Since it was assumed that the primary treatment option in both of 
these alternatives would be treating the source areas, the question 
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came to mind concerning where the majority of semi-volatile 
compounds of concern posing unacceptable risk resided with respect 
to the VOCs and buried wastes proposed for primary treatment. To 
answer this question, a back-calculation was performed to determine 
the threshold values of 1 x 10"6 risk for the semi-volatile 
contaminants-of-concern in the buried wastes and soils. The back
calculation was performed using the future site risk scenario 
equations for adults having dermal contact with unearthed soils. 
By use of each semi-volatile compound-of-concern•s individual slope 
factor and an assigned risk level of 1 x 10"6 , action levels for the 
semi-volatile compounds of concern were established. The following 
compounds were selected for analysis based upon their predominance 
in soil borings at the site, they are: bis{2-ethylhexyl)phthalate, 
bis(2-chloroethyl)Ether, PAHs, and isophorone. 

Following the establishment of action levels, soil borings which 
had concentrations of these compounds equaling or exceeding the 
calculated threshold values were targeted. These boring locations 
were then used to plot the areas on a map. (See enclosed figures 
1 through 5) overlays of each compound were then created and 
compared to one another in terms of the location of risk areas. It 
was discovered for the most pazt, that the risk areas associated 
with each compound-of-concern tended to correlate with the risk 
areas for the other SVOC contaminants-of-concern and with the VOC 
areas outlined in the FS report (see enclosed Figure 6). A 
calculation of the total volume of contaminated material was then 
performed by summing the total of the areas and multiplying them by 
an average thickness of 15 feet. This calculation yielded a total 
volume of material exceeding the 10"6 action levels of approximately 
78,000 yd3 • It should be noted that this value is assumed to be 
fairly conservative, since it is not likely that the semi-volatile 
compounds of concern exceed the threshold value at all depths. 

This investigation provides sufficient information to warrant 
further evaluation of the source areas in the FS. The example 
should provide sufficient direction to complete a reevaluation of 
the objectives of alternatives 3 & 6. Presently these alternatives 
include the removal of source areas and rely upon in-situ treatment 
to accomplish remediation of the remaining contaminated groundwater 
and soil. Alternative 3 seeks to remove the majority of 
contaminated materials, approximately 65,000 yd3 and relies on 
groundwater flushing and treatment to remove the remaining 
contaminants. Alternative 6 removes 35,000 yd3 of primarily liquid 
wastes, sludges and materials exceeding 2 percent total vocs, and 
relies on dewatering and soil vapor extraction to remove the 
remaining contaminants amenable to soil vapor extraction. 
Alternative 6, proposes to leave semi-volatile contaminants in
place which may exceed the risk range of 10"4 to 10"6 • 
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For purposes of the FS, Alternatives 3 and 6 should explore the 
practicality of removing these semi-volatile contaminated soils to 
the 10"6 , 10"5 and 10"4 levels. Calculations of volume should be 
made to cleanup levels which correspond to action levels calculated 
for 10"6 , 10"5 and 10"4 risk levels. By performing these .tasks, EPA 
could then make adequate risk management decisions balanced with 
the remaining nine criteria to select the best alternative for the 
site. 

The modification of alternatives 3 & 6 would provide a more 
comprehensive array of alternatives for EPA to select from. The 
National Contingency Plan (NCP) (March 8, 1990) seeks to remediate 
through treatment those materials which present a principal threat 
(i.e., greater than the 10"4 risk level). The semi-volatile 
compounds at the site, present a principal threat in terms ot the 
future site risk scenario. Provided with the current set of 
alternatives, EPA can only choose between remedies which will 
likely leave principal threat contaminants in place for long term 
containment, or remedies that propose complete removal of all 
contaminated soils and wastes. The NCP does not favor containment 
remedies except in those cases where it can be shown that any 
proposed treatment remedy will b~ technically impracticable. On 
the other hand, remedies that propose complete removal also have 
drawbacks. This concept should be carried through to the rest of 
the document. 

coat Batiaatea BD4 Sensitivity Analysis 

In general the cost estimates seem reasonable and probably fall 
within the -30%, +50% FS cost estimate guideline. However, in the 
following comments you will find requests for the basis of the cost 
estimates. It was expected that more backup information (cost 
assumptions, vendor quotes, etc.) would have been provided. This 
backup information could be provided on a notes page attached to 
each alternative and would allow the reviewer to feel more 
comfortable about the cost estimate for each line item. Attachment 
5 is an example of the amount of detail which is expected for the 
cost estimates. 

Another major comment is the need for a sensitivity analyses in the 
FS. Included below is a list of items that should be included in 
a sensitivity analysis. 

A sensitivity analysis should be done as part of the cost-effective 
analysis. The purpose of the analysis is to determine if the 
conclusions of the cost-effective analysis will change if the 
original assumptions and estimates are incorrect. The sensitivity 
analysis should focus on the major cost items in each alternative 
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that are most susceptible to uncertainty estimation error. 
Specific items that should be included in the sensitivity analysis 
are: 

1. 

• Volume of contaminated soil.· 

• Volume of buried waste. 

• Groundwater extraction rate. 

• Capital unit costs for buried waste, soil and groundwater 
treatment options. 

• O&M unit costs for buried waste, soil and groundwater 
treatment options. 

Page 1-2, Paragraph 3, Line 1 - Following the word at insert 
the words and near. 

2. Page 1-3, Paragraph 3 - The location of these incinerators 
should be stated in this paragraph. 

3. Page 1-3, Paragraph 5, Line 4 - Add the word to between the 
words respect and the. 

4. Page 1-6, Paragraph 5, Line 2 - Capitalize the word the. 

5. Page 1-8, Paragraph 2. The following statement, "and aay 
provide soae drainaqe" should be rewritten to state "these 
wetlands and Turkey creek are hydrologically connected." 

6. Page 1-9, Paragraph 1 It has not been conclusively 
determined that surface water discharge do not leave the 
site. It is likely that the wetlands, groundwater and the 
surface water are interconnected, and provide for the minor 
off-site release of contaminants. This variable should be 
included in this discussion. 

7. Page 1-9, Paragraph 3 - "The clay till is absent in some 
areas, and ranges in thickness to about 50 feet in others. 
The till is reqarded as an a qui tard ••• " These two sentences 
contradict each other. Please rephrase. 

8. Page 1-16, Paragraph 1 - This portion of the landfill is also 
near the Off-site Containment Area, which contains these same 
compounds. It is likely that the Off-site Containment Area 
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is the greatest contributor to this contamination rather than 
the breakdown of waste materials in the landfill. Materials 
in the landfill would more likely provide a nutrient source 
activity rather than being the resulting end product. 

9. Page 1-16, Paragraph 1 - Although you include data for the 
organic contaminants, no data is included for inorganics. 
Please include actual data for inorganics and not merely 
high, highest or most. 

1 o • Page 1-2 6, Paragraph 4 , Line 3 - the word at st.ould be 
replaced with the word near. 

11. Page 1-27, Paragraph 4, Line 3- The word Contaainant should 
be replaced with the word Containment. 

12. Page 1-28, Paragraph 1, Line 4 - See comment number 11 above. 

13. Page 1-28, Paragraph 3 - The entire discussion of the risk 
assessment is written in a manner which gives the impression 
the risk assessment is a worthless exercise which greatly 
overestimates risk. Delete the first bold paragraph. 

14. Page 1-28, Paragraph 3, Line 1 -The word apparent should be 
replaced with the word t..inent. 

15. Page 1-28, Paragraph 6, Line 2 - The words great deal, should 
be replaced with the words some degree. 

16. Page 1-28, Paragraph 6, Line 2 - The sentence: calculated 
risk estimates are not to be construed to necessarily 
represent actual risks. should be changed to: Calculated risk 
estimates are based upon reasonable worst case scenarios, and 
may or may not be realized at the site. 

17 • Page 1-2 8 , Paragraph 6, Line 7 The phrase: do not 
necessarily, should be replaced with .ay or .ay not. 

18. Page 1-29, Paragraph 2, Lines 7, 8 & 9 - Any risk is of 
concern, although not all warrant remedial action. 
Therefore, delete below which risks are not considered to be 
of concern from lines 7-8. Delete from line 9, be acceptable 
and replace with warrant remediation. 

19. Page 1-29, Paragraph 3 - A statement or paragraph should be 
added to the beginning of this section as an introduction to 
the current land use scenario. The introduction should 
explain the concept behind the current land use scenario. 
The current land use scenario should be presented as a 
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reasonable worst case situation that could occur if the site 
is left unchecked and unremediated with no action taken to 
m1n1m1ze any migration from, or direct exposure to, 
contaminants at the site. This is necessary since this 
scenario represents one of the primary bases requiring 
remediation of the site. The viewpoint presented in the 
text seems to play more on the impossibility of any of the 
assumptions occurring. 

20. Page 1-29, Paragraph 3 - Replace the second sentence with: 
The assumed degree of exposure to populations from the 
pathways in the risk assessment is based upon co-on 
assumptions which may or may not result in risk estimates 
that are conservative. 

21. Page 1-29, Paragraph 4 - Following the second sentence, add 
the following sentence: Although these exposures were 
created hypothetically for this report, it is not 
inconceivable that these conditions may be realized in the 
future given current land use conditions. 

22. Page 1-29, Paragraph 4, Line 5 - Remove the emphasis on the 
word hypothetical in this section (i.e., underlining). Also, 
delete the word hypothetical in line 5. 

23. Page 1-29, Paragraph 4, Bullets - These risks may change as 
a result of recent revisions to the BRA. Please revise 
accordingly. 

24. Page 1-30, Paragraph 1 - During the field work of the RI, it 
was noticed on different occasions that various individuals 
trespassed on the site. This observation was larqely the 
result of observation of the evidence of trespassing, such as 
horse manure, burglary of the site trailer, and footprints in 
the wetland areas, etc. Based upon these observations and 
given the nature of trespassers (i.e., they do not normally 
trespass when workers are about) the conclusion that 
trespassing is hypothetical cannot be supported, and should 
be modified to reflect this comment. Additionally, the 
current owner of the KapicajPazmey property uses the property 
for his own uses. He is assumed to trespass regularly but 
has not been mentioned in the risk analysis. 

25. Page 1-30, Paragraph 1 - Delete the word hypothetical at the 
beginning of the sentence. 

26. Page 1-30, Paragraph 3 - The future land use scenario is 
based upon a reasonable worst case likelihood of site fate. 
The current discussion seems to place this scenario under the 
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assumption that people would never be exposed to site soils, 
etc., because inhabitation of the site is unlikely. This 
scenario may not occur since the future cannot be predicted, 
but it is nevertheless a reasonable worst-case scenario and 
should be treated as such in the document. 

Page 1-31 1 

reevaluated 
Assessment. 

Section 1.6.5 This section needs to be 
due to likely rev1s1ons to the Ecological 
Please revise this section accordingly. 

28. Page 2-2 1 Bullets 1 & 2 - Replace Control migration with 
prevent •igration. In bullet 2 the objective should start 
Reduce or eliminate migration. 

29. Section 2. 1 1 Bullets - Wherever the risk range of 10·4 to 10·6 

appears in the bullets, the following should be added to the 
sentence with a point of departure of 1~. 

30. Page 2-2, Bullet 1 - The cleanup goals for the migration of 
contaminated groundwater to surrounding wetlands and 
sediments should be consistent with the risk levels found in 
the ecological assessment (i.e., a Hazard Quotient less than 
or equal to 1). Please revise accordingly. 

31. Page 2-2 1 Bullets 9 1 10, & 11 - See comment number 30 above. 

32. Page 2-3 1 Bullets 1 & 2 - In both bullets, following the word 
leachate insert the following: contaminated soils, sediment, 
surface water and groundwater, • 

33. Page 2-4 1 2.4 Groundwater and Surface Water Remedial 
Technologies - Monitoring is retained. Monitoring is not a 
remedial technology. This should be addressed under another 
topic. 

34. Page 2-6, Paragraph 3 - Water reinjection should be retained 
as a technology that could be used as part of an overall 
treatment system. It is conceivable that reinjection of 
treated groundwater could be used as a form of groundwater 
flushing to enhance aquifer cleanup, as a method of gradient 
control and to minimize the dewatering of site wetlands. It 
is agreed that gradient control as a form of site remediation 
(i.e., to inject clean city water to the aquifer to control 
gradient exclusively) is not feasible, and should not be 
retained as a primary technology. 

35. Page 2-9, Freezing 
eliminated because, 

Technologies 
" has not 

This technology 
been field tested 

is 
on 
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contaminants present at the Site ••• " The NCP states (40 CFR 
300.430 (e) (5)): 

The lead agency shall develop one or more innovative 
treatment technologies for further consideration if those 
technologies offer the potential for comparable or 
superior performance or implementability: fewer or lesser 
adverse impacts than other available approaches: or lower 
costs for similar levels of performance that demonstrated 
treatment technologies. 

Perhaps, a more appropriate logic should be included. 

36. Page 2-10, Reverse Osmosis - The model AOC for RI/FS includes 
a clause which encourages the use of treatability studies. 
The need for a treatability study to determine the adequacy 
of a method, is not a valid reason for eliminating the 
technology from consideration. 

37. Page 2-14, Paragraph 4 - Reinjection of treated groundwater 
should not be limited to biological treatment systems. 
Rainjection can be used ~o facilitate physical aquifer 
cleanup systems as well. Reinjection could also be used as 
a superior method of ensuring that portions of the site's 
wetlands would not be severely dewatered during "off-site" 
aquifer remediation and during dewatering of "on-site" source 
areas. 

38. Page 2-15, Paragraph 2, Line 1 - Replace taken with used. 

39. Page 2-19, Paragraph 1, Last Sentence - The explanation for 
releasing this process option from further consideration is 
due to the very high levels of contaminants found in the 
waste. This reasoning needs further explanation. For 
instance, what effect will high contaminant levels in the 
waste have on the operation of the system as a whole? Will 
it be dangerous to operate, or be inefficient and costly? 
Please explain. 

40. Page 2-19, Paragraph 3 - Please elaborate more on the results 
of recent case studies, i.e., at which sites was this process 
option attempted and did not work. It is our understanding 
that different surfactants can be utilized to achieve 
different removal efficiencies. Provided with the site soil 
characteristics, soil washing should not be eliminated 
without some further justification. 

41. Page 2-20, Paragraphs 3 & 4 - More detail is needed to 
justify the elimination of this process option due to the 
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difficulties likely to be experienced when treating soils. 
For instance, the original treatment system was mainly 
developed to treat transformer fluid, a primarily homogenous 
substance physically. What difficulties are likely to be 
experienced when treating a relatively heterogenous substance 
such as contaminated soils? 

Page 2-21, Paragraph 2 - It is mentioned in this paragraph 
that wet air oxidation is used primarily as a treatment 
mechanism to treat complex organics where it is determined to 
be more cost-effective than incineration. In this FS 
report, incineration has been retained as a process option to 
be carried through to detailed analysis. Yet wet air 
oxidation has not, even though it is stated in the text that 
it may be chosen when it is deemed more cost-effective than 
incineration. In this case, no comparison has been made 
between incineration and wet air oxidation either in terms of 
cost or effectiveness. This discrepancy should be corrected 
in the text, since wet air oxidation if proven to be of equal 
quality to incineration, could be a viable alternative to a 
more controversial technology such as incineration. 

43. Page 2-25 - At this point this portion of the document begins 
to fail in clearly identifying why each technology is 
eliminated from consideration. Please include a clear 
statement containing a NCP-valid reason for eliminating each 
technology. 

44. Page 2-26, Paragraph 1 - Please explain further why radio 
frequency has not been retained for treating waste materials. 
No obvious justification is evident in the discussion to 
exclude this technology for waste materials at this time, 
please elaborate. 

45. Page 2-27, Paragraph 4- It is unclear which type of cover is 
being eliminated from further analysis in this paragraph. Is 
concrete only being eliminated, or concrete and asphalt? If 
both, then please note that asphalt caps are analyzed further 
in subsequent sections of the report. If concrete caps 
exclusively are being eliminated, then please clarify this in 
the discussion. 

46. Page 2-29, Paragraph 1, Line 5 - The word "action" should be 
"active". 

47. Page 2-29, Paragraph 4 - It should be clarified in this 
paragraph that leachate in the active portion of the Griffith 
landfill has been impacted by contamination coming from the 
off-site containment area. This is evidenced by an increase 
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of hazardous substance concentrations associated with the 
Off-site Containment Area in this part of the landfill. A 
check of the RI report should clarify this. 

48. Page 2-29, Paragraph 4, Line 9 - Following the word leachate, 
insert the following: and the wastes theDISelves. 

49. Page 2-30, Paragraph 2 - Regrading and revegetation of the 
existing landfill cover should also be considered in the 
listing of landfill process options. 

50. Page 2-30, Paragraph 3 -A leachate collection system upgrade 
or expansion should also be considered in the listing of 
landfill process options. Additionally, it should be 
mentioned that the Village of Griffith currently uses the 
local POTW for discharge of leachate. This factor should be 
included to assess the degree of increased discharge that the 
POTW can treat. 

51. Page 3-1, Paragraph 2, Line 6 following the word 
contaminants, insert the word either. At the end of the last 
sentence please add the f~llowing text: or where 
contaminants are in a great enough concentrations that the 
efficiency of the prbtary system cannot treat or re~~ove the 
contamination to the required performance standard. 

52. Page 3-2, Paragraph 2, Line 9 - Delete the s from residuals". 

53. Page 3-3, Bullet 3 - Please clarify what is meant by the 
assumption that the downgradient migration of groundwater 
originating from the off-site containment area, will be 
collected in the Griffith Leachate collection system. Does 
this imply that contaminated groundwater from the Off-site 
Containment Area currently discharging to the landfill and 
becoming leachate, will not be treated in the site 
groundwater treatment system, or is it assumed that the 
groundwater from the Off-site Containment Area will be 
treated in the Griffith leachate collection system during the 
remedial action? 

54. Pages 3-3 to 3-5, Bullets - For each contaminant grouping, 
please explain why the compound representing that group was 
selected. For example, in the BETX grouping, why were 
benzene and toluene selected, is it because they were the 
most dominant compounds, the most mobile, the most toxic, or 
the most representative compounds for evaluating treatment 
system performance for their respective group? 

55. Page 3-6, Paragraph 4, Line 3 - Delete very close. 
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56. Page 3-9, Paragraph 1, Line 3 - At the end of the sentence 
ending in this line, insert the following: and any 
additional monitor wells as warranted. 

57. Page 3-11, Bullets- The following option for use of a slurry 
wall should also be considered. The placement of a slurry 
wall between the Off-site Containment Area and the Griffith 
landfill. The purpose of such a slurry wall being twofold. 
One being the hydraulic separation of the Griffith landfill 
and the Off-site Containment Area, and the second bt!ing the 
facilitation of dewatering activity in the ()ff-site 
containment Area. Active dewatering of the Griffith Landfill 
resulting from a dewatering system designed to completely 
dewater the Off-site Containment Area, may not be cost
effective in light of the fact that high BOD/COD 
concentrations are likely to exist in the landfill leachate. 
Such high values for BOD/COD are likely to burden the 
groundwater treatment system. Also, separation by a slurry 
wall would reduce the volume of groundwater to be treated. 

58. Page 3-12, Paragraph 3 - The cost of placing a slurry wall 
between the Griffith Landfill and the Off-site Containment 
Area, should be considered as well. 

59. Page 3-13, Paragraph 2 It would be helpful if the 
discussion of the computer modeling of groundwater extraction 
would include an analysis of changes in wetland hydrology. 

60. Page 3-13, Paragraph 3 - It should be mentioned here that the 
removal of the fire pond will necessitate replacement of a 
structure or system to generate sufficient water for fire 
control. This should also be factored into the cost of the 
remedial action and the implementability issues likely to be 
faced by ACS. 

61. Page 3-14, .Paragraph 1 - An attempt should be made at this 
point to determine the likely impact that the lower aquifer 
groundwater extraction will have on the treatment system 
overall. The feasibility study throughout, assumes that a 
treatment system capable of treating at a maximum 300 gpm 
should be suitable to treat water from the site. This volume 
has not been conclusively estimated and needs to be for cost 
comparison and implementability issues. (see general 
comments above) 

62. Page 3-15 -Discharging qroundwater (treated or untreated) to 
the Hammond Sanitary District should mention their history of 
problems associated with pre- and post-treatment programs. 
Please insert this factor into the discussion. 
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63. Page 3-15, Paragraph 1 -The implementability section states 
that the Hammond POTW has sufficient capacity but no mention 
is made concerning the available capacity of the 12-inch 
sewer line. 

64. Page 3-17, Paragraph 1, Line 2 - Insert at the end the 
sentence ending with treatment the following: or as part of 
an aggressive pump and treat system. 

65. Page 3-17, Paragraph 2 - It should be mentioned in the 
discussion that in active groundwater pump and treat systems 
it may be advantageous to reinject the treated water to form 
a "closed loop" system of groundwater treatment. As 
mentioned earlier, this type of system should be modeled and 
considered a viable alternative not only as a means to 
facilitate cleanup, but also as a means to minimize damage to 
site wetlands which may result due to direct surface water 
discharge, or from dewatering. 

66. Page 3-17 , Paragraph 3 - There are some disadvantages to 
direct discharge of treated water to the site wetlands which 
should be mentioned. The major disadvantage being the 
radical change in the hydrologic balance which is likely to 
result. This will likely result in many species of plants 
and animals being eliminated or stressed due to the 
introduction of a current or increased volumes of water. 
This should be mentioned in the report. 

67. Page 3-17, Paragraph 3 - It is unlikely that the discharge of 
treated groundwater will flush hydrophobic or Ph dependant 
compounds such as PCBs and metals from the wetland sediments. 

68. Page 3-18, Paragraph 6 - Placing of a site fence prior to the 
implementation of other remedial actions may not always be 
practical. This statement should be qualified. 

69. Page 3-19, Paragraph 4, Line 9 - Following the word covered 
insert the word with. 

70. Page 3-19, Paragraph 5, Line 6 - Following the word The, 
insert the words: operating portion of. · 

71. Page 3-20, Paragraph 1 -Asphalt covers may still be required 
to meet the multimedia requirements, since HOPE or similar 
types of liners may be required along with a drainage medium 
to underlie the asphalt (the asphalt acting as the main 
barrier and the underlying drainage layer and liner acting as 
backup). This would be especially true if the asphalt cap 
were part of an long term containment option for PCBs and 
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semi-volatiles left following primary treatments, since RCRA 
closure ARARs will apply. 

72. Page 3-20, Paragraph 2 - The assumption that a clay cap could 
be used to cover treated soils and eliminate the requirement 
for a multimedia cap may not be accurate in this case. This 
is especially true if contaminated soils are left in place 
following treatment. It is documented that the presence of 
these wastes can be attributed to RCRA listed waste processes 
and types which would trigger a RCRA cap requirement as 
relevant and appropriate. 

73. Page 3-21, Paragraph 5 - Reference is made to Figures 3-3 and 
3-4. These figures were not included in all copies of the 
FS. 

7 4 . Page 3-21 , Paragraph 5 - Figure 3-3 and 3-4 were not included 
in all documents. 

75. Page 3-27, Paragraph 2 -Although some influent groundwater 
would be expected to exceed 100 mg/1 this factor may be 
influenced by dilution wit~ other groundwater sources such as 
the lower aquifer and the "off-site" areas. 

76. Page 3-38, Paragraph 1 - Delete In the revised National 
Contingency Plan (HCP) , the u.s. EPA recognizes that 
contaminated soils and debris are significantly different 
than the waste streams used to develop the RCRA land-ban 
treatment standards. The u.s. EPA has developed provisions 
for obtaining an expedited variance from the RCRA land ban 
treatment standards for soil and debris at CERCLA Sites. This 
paragraph should be replaced with a complete discussion of 
why a variance may be appropriate. Please refer to OSWER 
Directive 9347.3 - 06FS. This directive addresses what 
should be contained in the FS on this topic. 

77. Page 3-38, Paragraph 1, Last Sentence - At the end of this 
sentence add the following: or risk based levels. 

78. Page 3-41, Paragraph 1 -u.s. EPA Region 5 recently signed a 
ROD for the ACME Solvents Site which included Low Temperature 
Thermal Treatment (LTTT) as a primary treatment option. Also 
various vendors have provided information which shows that 
some of the compounds seemingly not amenable to LTTT may 
indeed be amenable but at a higher temperature. Some 
literature from these vendors has been attached for your 
information (Attachment 6). It is hoped that this 
information will be included in the discussion. 
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79. Page 3-53, Paragraph 3 - This paragraph ends without a 
period. 

80. Page 3-54, Paragraph 4, Line 4 Following the word 
permeability insert: and high ionic bonding affinity. 

81. Page 3-57, Paragraph 1 - The assertion that the landfill 
leachate has not been affected by wastes from the ACS site 
are unfounded. It is apparent, and is stated in the RI 
report, that the Off-Site Containment Area has probably 
impacted the leachate in the active portion of the Griffith 
Landfill. This should be corrected. 

82. Page 3-57, Paragraphs 2 & 3 - The landfill measures mentioned 
here in the text should be removed consistent with the 
discussion at the beginning of these comments. 

83. Page 3-58, Paragraph 1 - See comment number 82 above 

84. Page 3-58, Paragraph 1 - This section says there is an 
apparent difference in data collected from the active and 
inactive portions of the landfill, but does not adequately 
explain what the difference is and why it should not have an 
impact on remediation. Later sections of the FS, including 
section 4.4.10.1, state that there is no difference in the 
data. Please remedy these concerns. 

85. Page 3-59, Paragraph 4, Line 4 - Delete the word or. 

86. Page 3-61, Paragraph 1 - Please explain in the text, the 
reason why both thermal treatment options are retained for 
above ground treatment but biological treatment is not 
retained. Above ground biological treatment is retained for 
alternative 8 to treat waste and soils but is not considered 
as a treatment option for buried wastes in alternative 6. 
Please document these reasons in the text or change the 
discussion to include biological treatment as a viable above
ground treatment option. 

87. Page 4-2, Paragraph 1, Last Sentence - The last sentence 
states that the concentrations listed in Tables 4-1 through 
4-6 should not be construed as cleanup levels. What cleanup 
levels were assumed as part of the detailed analysis of 
alternatives. A table summarizing the assumed cleanup levels 
would be helpful. 

88. Page 4-3, Paragraph 1 - Give an example of how the potential 
minimum soil design concentrations were established. 
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89. Page 4-5, Paragraph 3, Line 2 or line 3 - The words be 
selected should be removed as it is redundant. 

90. Page 4-8, Paragraph 1 - State the basis for assuming the 5% 
discount rate used in the cost effectiveness analysis. An 8% 
discount rate seems more reasonable. 

91. Page 4-9, Paragraph 1 -Please include in the description of 
the slurry wall dewatering system, the expected pumping rate 
for initial dewatering and steady state dewatering, similarly 
to the estimates outlined for Section 4.2.3. 

92. Page 4-9, Paragraph 3, Line 3 -Replace the word feasibility 
with consequences. 

93. Page 4-10, Paragraph 1 - This section states that the pumping 
rate would reduce to 80 gpm after 120 days. Section 3.3.3, 
p. 3-1, Jrd paragraph states that the pumping rate would be 
reduced to 80 gpm after 1 year. Which is correct? 

94. Page 4-10, Paragraph 1 - Figure 4-8 is "On-site Incineration 
Schematic". Correct the figure reference. 

95. Page 4-10, Paragraph 2 - The fourth sentence states a series 
of sixteen to twenty groundwater extraction groupings are 
shown on Figure 4-8. Figure 4-8 displays an on-site 
incinerator schematic. 

96. Page 4-11, Paragraph 2 - As mentioned in the general comments 
at the beginning of these comments, a proper modeling scheme 
is needed to determine the probable pumping and treatment 
rate required to remediate the "off-site" areas. No modeling 
has been completed on the off-site area to determine the 
probable flowrate required for treatment of an aggressive 
groundwater treatment system. 

97. Page 4-12, Paragraph 2 - It should be mentioned that there 
are various uncertainties associated with the lower aquifer 
groundwater contamination. Although contamination in the 
lower aquifer is orders of magnitude less than the upper 
aquifer, it is a widely used drinking water source. Limited 
action risks the possibility that contamination may disperse 
further into the lower aquifer system thus increasing 
remediation costs at a later time. Another uncertainty 
includes the penetration depth of the screened interval in 
the lower aquifer monitoring wells. These wells only 
penetrate the first five to ten feet of the lower aquifer and 
may not represent the true extent of contamination. This is 
especially true considering the substances detected are the 
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degradation by products of compounds with densities greater 
than freshwater. Finally, it should be mentioned that only 
one well represents the known extent of contamination in the 
lower aquifer. Considering this, it would be possible higher 
risk concentrations or substances are as yet undiscovered. 

98. Page 4-14 Please include some discussion concerning 
problems that may occur with the wetlands in case media 
drains were used for groundwater extraction. For instance 
they could cause more disturbance, and can have more 
permanent impacts than wells which can be shut-off when 
remedial actions are complete. 

99. Page 4-14, Paragraph 1 - Figure 4-8 is "On-site Incineration 
Schematic". Correct the figure reference. 

100. Page 4-15 - The proposal to pipe extracted groundwater 4,000 
feet for discharge to Turkey Creek is undesirable. It is 
likely that a great deal of additional disturbance could 
result from this action, including additional impacts to 
wetlands. Please include this concept in the revised FS. 

101. Page 4-15, Paragraph 1 - Figure 4-8 is "On-site Incineration 
Schematic". Correct the figure reference. 

102. Page 4-16 - The discussion of "flushing" contaminants from 
the wetlands using a pump, treat, and discharge system may 
have some possibilities with regard to soluble and volatile 
contaminants present in wetland sediments and groundwater. 
However, for the metal contamination and the hydrophobic 
organic contaminants, this system is unlikely to be -~ 
effective. Decisions as to how to handle these low 
solubility contaminants will have to be based on the revised 
Ecological Risk Assessment. There are several possibilities 
in this regard: 1) an accurate risk assessment indicating low 
risk based on source control: 2) only localized sediment 
contamination in the wetland that can be handled via hotspot 
sediment removal; or, 3) reevaluation of off-site remedial 
alternatives due to significant widespread ecological risks. 
Additionally, the reinjection of treated groundwater should 
not be limited to participation in a biological treatment 
system. 

103. Page 4-17, Paragraph 1 - Asphalt and concrete caps are 
mentioned as possible long term containment methods in this 
discussion, yet they may have been eliminated from further 
consideration due to their susceptibility to crack from 
differential settlement. Please clarify this in the 
discussion. The discussion should also include that capping 
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may be used to prevent short circuiting of the vapor 
extraction system and limit the dewatering of the upper 
aquifer due to excess precipitation. 

104. Page 4-18, Sections 4.2.7.1, 4.2.7.2, 4.2.7.3, and 4.2.7.4-
Each of these sections contains a process option-specific 
list of removal efficiencies and final effluent 
concentrations based on available data sources. It would be 
helpful if a table is presented that applies the removal 
efficiencies to the groundwater concentrations given in Table 
4-7 and then compares them to the groundwater t;:eatment 
design criteria given in Table 4-14. · 

105. Page 4-20, Paragraph 1 - Are complex organic ions expected to 
exist in the current groundwater system, and if so, how will 
they effect the implementability of this process option? 

106. Page 4-20, Paragraph 1 Figure 4-9 is On-site Low 
Temperature Thermal Treatment Schematic. Correct the figure 
reference. 

107. Page 4-26, Paragraph 1 - Figur~ 4-10 is Buried Waste & Soil 
Biological Treatment Plan. Correct this figure reference. 

108. Page 4-26, Paragraph 2 - Figure 4-9 does not correspond with 
the discussion. 

109. Page 4-28, Last Paragraph - It should be mentioned that the 
"off-site" treatment system will likely dilute the on-site 
groundwater such that UV/Oxidation may be feasible for a 
primary system. 

110. Page 4-29, Last Paragraph - Figure 4-10 is Buried Waste & 
Soil Biological Treatment Plan". Correct this figure 
reference. 

111. Page 4-32, Paragraph 2, Line 3 - The word containment should 
be changed to contaainant. 

112. Page 4-32, Paragraph 3 - Ion bacteria should iron bacteria. 

113. Page 4-33, Paragraph 1 - The problem of discharging warm 
water to natural surface water needs to be discussed in this 
portion of the report. The discharge of temperate water to 
local streams and wetlands may be detrimental to these 
waters. Also, various local state and federal ARARs are 
likely to triggered by such a system. Please include a 
discussion. 
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114. Page 4-34, Paragraph 1 - Figure 4-13 is In-situ Steam 
Stripping Schematic. Correct this figure reference. 

115. Page 4-35, Paragraph 3 - Figure 4-14 is In-situ Fixation 
Schematic. Correct this figure reference. 

116. Page 4-37, Paragraph 2 - Delete sentences 4 and s. Replace 
them with a complete discussion of why a variance on land-ban 
treatment standards may be appropriate (see comment number 
76) 

117. Page 4-37, Paragraph 3 - Figure 4-16 is In-site Soil Vapor 
Extraction Schematic. Correct this figure reference. 

118. Page 4-38, Paragraph 2 - A listing of the contaminants of 
concern, similarly to the list of contaminants for 
groundwater treatment options (i.e. , a discussion of the 
effectiveness of the system to treat these compounds) would 
be beneficial to this discussion. For example, how does this 
system perform with regard to semi -volatile ketones, phenols, 
etc.? 

119. Page 4-38, Paragraph 3 - Please explain how mixing will be 
accomplished in the landfarm treatment system. It is widely 
known that thorough mixing is necessary to enhance and ensure 
that proper decomposition is occurring in the treatment zone. 

120. Page 4-38, Paragraph 4 - Figure 4-17 was not included in the 
document. 

121. Page 4-39, Section 4.2.10.1 - See comment number 84 above. 

122. Page 4-40 - The No Action alternative may include monitoring. 

123. Page 4-40 -All alternatives will need: Time to Implement, o 
& M Costs, and Present Net Worth. 

124. Page 4-41 to 4-46. Alternative 2.) In the brief description 
of the alternative, 1) " ••• surface soils would be covered to 
prevent dermal contact." It might be better to state what 
type of cover is envisioned (e.g. soil, clay cap or multi
layer cap). 2) Are the ARARs identified? 4) Is slurry wall 
installation near RR tracks contemplated? 

125. Page 4-42, Paragraph 1, Line 5 Following the word 
discharqed insert the words or reinjected. 
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126. Page 4-42, Paragraph 2 - Mention of the Griffith landfill 
should be removed from this discussion, since it will be 
covered in a separate section of the report. 

127. Page 4-42, Paragraph 3 - Off-site groundwater contamination 
would be subject to a performance standard for cleanup, 
comparable to a corrective action program under RCRA Subpart 
F {40 CFR 264.100). Long term monitoring would not meet 
ARARs. 

128. Page 4-43, Paragraph 2 - RCRA Subpart F would also have to be 
complied with, as well as the relevant landfill closure 
regulations, since these wastes would be considered to be 
RCRA derived wastes. This conclusion is based upon the type 
of wastes accepted by ACS in the past. Provided this, RCRA 
would be considered relevant and appropriate. 

129. Page 4-43, Paragraph 4 -The off-site groundwater remediation 
system would be expected to be aggressively remediated 
through a modern pump and treat system. It is expected that 
during active remediation of the aquifer the system would be 
optimized and changed accordingly to obtain the most 
efficient results for the most rapid aquifer cleanup. 

130. Page 4-44, Paragraph 1 -Dewatering by the Griffith Landfill 
is a temporary condition and should not be counted upon for 
evaluation of the FS. Please remove this presumption from 
the document. 

131. Page 4-46, Paragraph 2 - The dewatering system mentioned in 
the first sentence needs to be described rather than 
referenced, since section 4. 3. 2 refers to a slurry wall. The 
description seems to be describing a dewatering system that 
would not use a slurry wall. Please clarify this. 

132. Page 4-46, Paragraph 3 - This alternative should include a 
statement which states that following removal of the buried 
wastes and their treatment on-site, the groundwater pump and 
treat system will then be optimized to determine the most 
efficient means by which to remediate the aquifer. These 
means may be the implementation of an in-situ biological 
treatment system, or it may mean the placement of injection 
and withdrawal wells to facilitate cleanup. Natural 
flushing, continuous monitoring, and pumping and treatment of 
the groundwater system for thirty years is not acceptable for 
this alternative. 

133. Page 4-46, Paragraph 4 -Treatment of contaminated soils can 
also be accomplished by flushing them with an infiltration 
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basin to flood the vadose zone soils. This may also promote 
an increase in biological activity which could also 
facilitate vadose zone cleanup. This concept should be 
included with this alternative. 

134. Page 4-46 1 Paragraph 4 - The reference to the Griffith 
landfill should be removed due to its separation from the 
listing of alternatives. 

135. Page 4-47, Paragraph 1 - Please provide a more thorough 
explanation of how two percent was chosen as the cutoff point 
for the treatment of buried wastes in this alternative. Will 
it be possible to remove contaminants from the vadose and 
water ~able with a groundwater pump and treat system when 
they are probably at residual saturation levels? A lower 
number of less than 5000 ppm may be more realistic for the 
proposal to flush contaminants from the subsurface. 

136. Page 4-47 1 Paragraph 2 -·It should be mentioned that if low 
temperature thermal treatment were to be utilized with a 
catalytic incinerator 1 off-gases from the air stripping 
system and, from a vapor extraction system, could also be 
directed to the catalytic incinerator which may help reduce 
costs and concern for residual fate. 

137. Page 4-47, Paragraph 2 -Figures 4-12, 4-13, and 4-14 are not 
as described in this section. Correct these figure 
references. 

138. Page 4-47, Paragraph 2 1 Lines 3 & 5- Delete may dictate, or 
interfere with, the location of the and replace wit!) may be 
considered in locating an. In line 5, the sentence should 
end: ••• Figure 4-12 to avoid interfering with ACS 1 s 
operations. 

139. Page 4-48, Para~raph 3 - Since it is proposed that residuals 
in excess of 10" risk level would be left in place following 
removal, then RCRA closure ARARs may apply. These clean 
standards would not approach the RCRA ARAR for clean closure 
and would therefore be triggered. This would then 
necessitate a RCRA cap or equivalent to contain the residual 
materials if further treatment were to be ruled out. 
However, proposed regulations for Subpart S Corrective Action 
may speak on this subject as well, and may provide some 
guidelines concerning ARARs that could be defined as: to be 
considered. 

140. Page 4-49, Paragraph 2 - The groundwater treatment process 
option of air stripping is mentioned here as a proposed 
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process option for groundwater treatment. It was thought 
that the groundwater treatment technology would be selected 
separately from the selected remedy. Please clarify this. 
Also, please mention that, if air stripping were to be 
selected for the groundwater option, off-gases from the 
system could be collected and transferred to the catalytic 
incinerator that would be in use for the LTTT system. 

141. Page 4-49, Pa-ragraph 3 Discussion of an aggressive 
groundwater pump and treatment system should replace 
discussion of a natural flushing system for the remediation 
of the aquifer. As discussed previously in these comments, 
a pump and treat system that seeks to obtain the best removal 
efficiency should be sought. Biological treatment or 
treatment which utilizes artificial flushing by injection or 
by infiltration basins should be placed here. 

142. Page 4-50, Paragraph 2 - It is understood that for purposes 
of cost estimation the groundwater pump and treat system is 
expected to operate for 30 years. However, it should be 
mentioned in this section of the analysis that an aggressive 
groundwater pump and treat system will be expected to 
remediate the aquifer to appropriate cleanup levels in a 
shorter period of time. 

143. Page 4-50, Paragraph 4 - Implementability issues should also 
discuss the potential movement of ACS equipment to remove 
buried wastes. It is known that many of the waste areas 
underlie process and storage tanks at the facility. Also, 
many structures lie on the perimeter of these areas and may 

~· be structurally compromised during the onset of remedial 
action activities. Since ACS is a signatory to the RI/FS 
consent order, the FS should include a statement to the 
effect that ACS agrees or is aware of the implementability of 
some of the alternatives. While access issues can be 
overcome during remedial action, EPA needs this information, 
in terms of the implementability of the various alternatives 
to arrive at a balanced remedy selection. The best way to 
facilitate this would be to place a statement in the FS 
report which outlines the position of an ACS officer such as 
John Murphy. 

144. Page 4-51 - The title to alternative 4 should include the 
off-site incineration of buried drums and miscellaneous 
debris. 

145. Page 4-51, Paragraph 4 - Mention of the Griffith landfill in 
the description should be removed, since it will have its own 
section. 
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146. Page 4-51, Paragraph 5 - Figure 4-18 was not included in the 
document. 

14 7. Page 4-52, Paragraph 2, Line 2, replace treat tbaes with 
treatment tbae. 

148. Page 4-55, Paragraph 2 - It is mentioned here that organic 
acids, isophorone, phthalates, PNAs and PCBs are not 
expected to be mobile within the upper aquifer groundwater 
and are not expected to present much of a problem. However, 
this assumption does not account for the future site risk 
scenario. This scenario of the BRA assumes that on-site 
residents will be exposed to subsurface materials unearthed 
as a result of future site development. Although' 
institutional controls could be implemented, there is limited 
guarantee that these controls would be enforced or heeded in 
the future. This should be mentioned in the discussion here. 

149. Page 4-55, Paragraph 3 - Figure 4-19 was not included in the 
document. 

150. Page 4-57, Paragrapll 5 - See comment number 144 above 
concerning additions to this alternative's title. Also, the 
removal of KapicajPazmey soils should be included in the 
title, since these soils are surface soils and are not 
expected to be adequately treated by vapor extraction. 

151. Page 4-58, Paragraph 3 - Figures 4-20 and 4-21 were not 
included in the document. 

152. Page 4-58, Paragraph 4 - The Verona Well Field Superfund site 
contaminant summary reveals that the highest VOC 
concentrations were near 100 mgjkg in the vadose zone soils. 
For purposes of this discussion indicate how the design 
parameters referenced from the Verona site will correlate 
with the likely concentrations to be found at the ACS site. 

153. Page 4-59, Paragraph 3 - The voc removal rates mentioned in 
this paragraph are not consistent with the removal rates 
mentioned in the ARARs section of the analysis. The 
inconsistency may be due to assumptions concerning the length 
of the day, etc. Please correct these inconsistencies. 

154. Page 4-59, Paragraph 4 - It needs to be stated in this 
paragraph that the off-site groundwater treatment system will 
be optimized and that groundwater injection may be part of 
that effort. Also, it should be mentioned that it is 
unlikely that PCBs and other semi-volatile compounds would be 
"flushed" from wetland sediments during discharge. 
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155. Page 4-60, Paragraph 2 - This additional sentence should be 
added to this paragraph: A disadvantage to this type of 
treatment is that it will not eliminate the risk of semi
volatile contaminated soil contact to future site users. 

156. Page 4-60, Paragraph 2 - Please discuss in this paragraph or 
the following paragraphs, the possibility that it may be 
difficult to extract volatile compounds due to the large 
number of semi-volatiles contained in the waste matrix. It 
is possible that svocs bind up vocs in the waste matrix 
rendering soil vapor extraction technology more dif~icult. 

157. Page 4-60, Paragraph 4 - The capping of residual svocs and 
PCBs would have to meet RCRA and TSCA technical standards for 
cap placement and long term monitoring. Please add this ARAR 
to the discussion. 

158. Page 4-60, Paragraph 4 - The voc emission rate cited in the 
discussion does not correlate with the extraction rate 
discussed previously in the alternative description. Please 
remedy this inconsistency. 

159. Page 4-62, Paragraph 2 - Again, it must be stated that some 
immobile semi-volatile compounds are compounds of concern in 
the future land-use scenario and present a risk in excess of 
the risk range. 

160. Page 4-62, Paragraph 3, Line 1- Replace the word is with the 
word are 

161. Page 4-64, Paragraph 1 Please include the following 
sentence at the end of this paragraph: However, proper 
capping of the on-site areas could aid in •iniaizing these 
problems by reducinq the amount of infiltration into the 
vapor extraction areas. 

162. Page 4-64, Bullet 5 - Following the word wells insert the 
following:, reducing soil moisture. 

163. Page 4-65, Paragraph 3 - The removal of ••buried wastes 11 

should be consistent with the general comments for 
alternatives 3 & 6 above. 

164. Page 4-65, Paragraph 4 - The possibility of using a catalytic 
incinerator in conjunction with the SVE system and air 
stripper should be mentioned in this discussion. It is 
important to recognize that a single destruction method could 
be common to different extraction systems, and could be used 
cost-effectively. 
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165. Page 4-66, Paragraph 2, Line 6 - Following the end of this 
sentence, add the following words: or reinjected. 

166. Page 4-66, Paragraph 3 - An in-situ vapor extraction system 
could be installed concurrently with the implementation of 
thermal treatment in some areas. This is especially true in 
those areas which are not currently undergoing excavation and 
thermal treatment, but would at the time be fully or 
partially dewatered. This should be mentioned in the text. 

167. Page 4-69, Paragraph 2- The following ARARs should be added 
to this discussion: Discharge or reinjection to the site 
wetlands or upper aquifer, and RCRA Subpart F groundwater 
corrective action regulations. 

168. Page 4-71, Paragraph 4 - Treated groundwater could also be 
reinjected into the upper aquifer as part of an aggressive 
groundwater treatment system, and to aid in the control of 
excessive dewatering of site wetlands. Also, reference to 
the Griffith Landfill should be removed since it will be 
discussed under a separate section of the FS. 

169. Page 4-72, Paragraph 1 - The advantages of using an air 
stripper with the LTTT system should be mentioned in this 
portion of the report. 

170. Page 4-73, Paragraph 1 - The enclosed vendor literature 
should be referenced when assessing the viability of using 
LTTT for the remediation of PCB and svoc contaminated soils. 

171. Page 4-73, Paragraph 3 According to the enclosed 
literature, LTTT will probably achieve desired cleanup levels 
for many of the semi -volatile compounds purported to be 
possibly nonamenable to LTTT. The referenced literature 
should be discussed in the body of the report. 

17 2. Page 4-7 4, Paragraph 2 - The reduction of toxicity, and 
volume is not demonstrated for future site users. Future 
site users would not be protected by immobilization of PCBs 
from the upper aquifer groundwater, since the future site 
user is exposed to unearthed soils on-site. This section of 
the detailed discussion should address this possibility. 

173. Page 4-74, Paragraph 2 - The last sentence states that a 
discussion pertaining to u.s. EPA guidance documents for PCB 
contaminants is in Section 4. 3. 5. No reference could be 
found in Section 4.3.5. 
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174. Page 4-76, Paragraph 2 - Again, reinjection should be 
mentioned here as a method for operating an aggressive 
groundwater treatment system and to aid in controlling the 
dewatering of site wetlands. Also, discussion of the 
Griffith Landfill should be eliminated from the discussion. 

175. Page 4-78, Paragraph 2 - The proposed landfarming option 
would have to follow RCRA regulations pertaining to waste 
piles. These regulations would necessitate the placement of 
a cover to minimize precipitation exposure and to relieve the 
requirement for a groundwater monitoring system. Also, the 
waste pile would have to be located at an area designated to 
lie within the current area of contamination (AOC). A waste 
pile lying outside of the present AOC would be required to 
first meet land disposal restrictions (i.e., possibly 
pretreatment of the wastes) prior to deposition in the waste 
pile. This ARAR may place severe limitations on the 
implementability of this alternative and should be explored 
further. 

176. Page 5-l -A section should be reserved for the discussion of 
the nine criteria as they pertain to the Griffith Landfill. 
The Griffith Landfill should be examined separately from the 
hazardous waste disposal areas and should be evaluated 
separately. 

177. Page 5-l, Paragraph 2, Line 4 - The acronym BRA should be 
changed to the acronym RI. 

178. Page 5-l, Paragraph 2, Line 5 -End the sentence beginning in 
line 4 by following the word Site with a period. Following 
this, insert the following text prior to the phrase: the no 
action •• , and begin the next sentence: However, the BRA's 
current and future land use scenarios show that. 

179. Page 5-1, Paragraph 2 - The following sentence should be 
added at the end of this paragraph: Alternative 1 would also 
do nothing to prevent future site users from being exposed to 
unearthed soils resulting from future develop•ent of the 
site. 

180. Page 5-l, Paragraph 3, Line 3 - The word would should be 
replaced with the word .ay. 

181. Page 5-l, Paragraph 3, Line 4 - Following the word wetlands 
insert the following: or reinjected as part of an overall 
groundwater remediation system designed~ and delete the 
following phrase f~om this sentence: located west of the 
Site. 
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182. Page s-1, Paragraph 3, Line 6 - Following the word sediments 
insert the words and upper aquifer. 

183. Page s-2, Paragraph 1 The protection afforded by 
Alternative 2 to future site users is far less than the 
protection afforded future site users in the other 
alternatives. Alternative 2 would rely solely on capping and 
deed restrictions to minimize the direct contact threat to 
future site users. Alternative 3 would (if semi-volatiles 
are removed as per previous comments to a risk based level) 
minimize the future site users contact with on-site materials 
and would control and remove contaminated groundwater. 
Alternatives 4 & 5, would leave semi-volatiles in place and 
would rely on a cap and deed restrictions to minimize future 
site users' exposure to site contaminants. However, the 
treatments used· in these alternatives may reduce 
concentrations of svoc contaminants to a lower level. 
Alternative 6, (if semi-volatiles are removed as per previous 
comments) would reduce future site user's chance of 
contacting SVOC contaminated soils by removing them, and 
treating the remaining VOC contamination by soil vapor 
extraction. Alternatives 7 & 8 would significantly reduce or 
remove all on-site contaminated soils and would rely on the 
in place groundwater pump and treat system to remedy the 
remaining VOC contamination in the "off-site" areas to MCLs. 

184. Page S-2, Paragraph 3 - Alternative 2 would only reduce 
migration of contaminants in the groundwater but would only 
marginally reduce the possibility of exposure to contaminated 
soils by future on-site users of the facility. 

185. Page S-3, Paragraph 4, Line 3 - The acronym BRA should be 
changed to RI:/BRA. In the same line, the word current should 
be changed to the word imminent. 

186. Pages S-3 & S-4 - The discussion concerning long term 
effectiveness and permanence seems to ignore the fact that 
containment as proposed in alternative 2 would include a 
number of uncertainties concerning the actual performance of 
the cap and slurry wall over time. The actual permanence of 
this alternative does not equal the permanence likely to be 
experienced from Alternative 3 and does not reach the level 
of permanence achieved if Alternatives 7 or 8 were selected. 
This discussion also does not discuss the overall permanence 
of the alternatives with respect to the uncertainty 
associated with continued land disposal and possible future 
uses of the site. Alternative 2, with the exception of the 
No Action alternative poses the most risk for exposure under 
the current and future land use scenarios, given the 



AttachMnt 1 
Feasibility Study Review Comments 

American Chemical Services Site 
July 18, 1991 

Page 29 of 36 Pages 

uncertainties of land disposal. Alternatives 7 and 8 provide 
the most protection to future site users by eliminating the 
majority of site risks under both the current and future land 
use scenarios. This discussion needs to be rewritten to 
reflect the uncertainties of land disposal, and the degree of 
uncertainty that will remain following implementation of each 
alternative. 

187. Page 5-5, Paragraph 2- In the discussion it is assumed that 
the more immobile compounds found in the site soils would be 
eliminated from concern in each alternative due to the 
subsurface nature of their locations. However, this 
discussion does not address the role of the risks apparent to 
future on-site users of the site. It is assumed in the 
future site risk scenario that on-site users would be in 
contact with mixed surface and subsurface soils which contain 
semi-volatile compounds. Dermal absorption, and not 
ingestion drives most of the risk for the future site use 
scenario to the svoc comp~unds of concern (i.e., isophorone, 
PCBs, PAHs, bis (2-ethylhexyl)phthalate etc.). This 
discussion should include the inherent uncertainties 
associated with long term land disposal and the relevance 
this has with regard to an evaluation of those alternatives 
which are likely to leave these compounds in the subsurface. 

188. Page 5-6, Paragraph 3 - The toxicity and volume of soil 
contaminants is not significantly reduced in Alternative 2. 
Alternative 2 merely controls and possibly reduces 
contamination over a long period of time. It is misleading 
to represent alternative 2 as equal in its effect to the next 
6 alternatives. The time it will take to achieve the same 
levels of reduction in toxicity and mobility for alternative 
2 versus that for alternatives 7 or 8 should be factored into 
this discussion. 

riaures 

189. Page 2-23, Paragraph 4 -Steam stripping is discussed in this 
section but has not been included on Figure 2-1 under in-situ 
treatment of buried waste. It should be included and then 
"shaded" to indicate that it has not been carried forward. 

Tables 

190. Table 2-1, Page 2 - Vapor extraction should be added to the 
list of in-situ physical treatment process options listed for 
buried wastes. 
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191. Table 2-3 - The "Landfill" column should be removed from this 
listing since it is anticipated that the landfill will be 
undergoing its own separate evaluation. 

Appendices 

192. Appendix A - It does not appear that proposed groundwater 
treatment of the lower aquifer would have a large impact on 
the shallow groundwater aquifer (and thus the wetlands), but 
it would be helpful if this would be clarified. 

193. Appendix C - DIRECT CAPITAL COSTS 

Surface Water Diversion 

A lump sum cost of $200,000 is given for all alternatives. 
This cost and the fact that it is the same for all 
alternatives seems reasonable. However, providing a more 
detailed breakdown of the components of the lump sum cost 
estimate and the associated costs would lend more credibility 
to the cost estimate. 

Some of the alternatives include provision for cover of 
contaminated areas with concrete, asphalt and/or soil. Is 
this cover cost included in the surface water diversion cost 
item? If not, where is the cost included? 

Site Preparation 

A lump sum cost of $525,000 for Alternatives JA, JB, 5, 6A, 
7A, and 7B; $475,000 for Alternative 4; and $535,000 for 
Alternatives SA and SB has been given. The cost estimates 
and minor variations between alternatives seem reasonable, 
however a more detailed breakdown of the components of the 
lump sum costs and reason for the variations would lend more 
credibility to the cost estimate. 

Groundwater Extraction System 

Alternative 2: What is the basis for assuming 6 
extraction wells? The groundwater modeling 
Appendix A (Simulation REM 1) assumes 12 
extraction points. 

groundwater 
results in 
groundwater 

Based on the 6 groundwater extraction wells given, the cost 
per extraction well is approximately $33K. This seems to be 
a relatively high cost given the shallow aquifer and low 
pumping rate. 
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Alternatives 3A. 3B. 5. 6A. 6B. 7A. 7B. SA. and 8B: What is 
the basis for assuming 24 groundwater extraction wells? 
Section 4. 2. 3 discusses 16 to 20 groundwater extraction 
groupings. 

Based on the 24 groundwater extraction wells given, the cost 
per extraction well is approximately $21K. What is the 
reason for the difference between this unit cost per well and 
that given for Alternative 2? 

Alternative 4: What is the basis for assuming 6 groundwater 
extraction wells? 

Based on the 6 groundwater ~xtraction wells given, the cost 
per extraction well is approximately $83K. What is the 
reason for the difference between this unit cost per well and 
that given in the other alternatives? 

Groundwater Treatment System 

Alternative 2: What is the basis for the 100 qpm groundwater 
treatment rate? Section 3.3.3, p. 3-14, paragraph 3 states 
that the initial pumping rate would be 175 qpm and would 
reduce to 20 qpm after the first year. 

How was the $800,000 estimate cost of the 100 qpm groundwater 
treatment system derived from the $1,200,000 estimated cost 
of the 200 qpm groundwater treatment system given in Table 4-
15? 

Alternative 4 : What is the basis for the 150 qpm groundwater 
treatment rate? 

How was the $1,000,000 estimated cost of the 150 qpm 
groundwater treatment system derived from the $1,200,000 
estimated cost of the 200 qpm groundwater treatment system 
given in Table 4-15? 

Remove ACS Tank Farms 

A lump sum cost of. $150,000 is given for all alternatives. 
This cost and the fact that it is the same for all 
alternatives seems reasonable. However, providing a more 
detailed breakdown of the components of the lump sum cost 
estimate would lend more credibility to the cost estimate. 

Excavation of Drums 
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A unit cost of $100 per drum is given. for all alternatives. 
This cost and the fact that it 1s the same for all 
alternatives seems reasonable. However, providing the basis 
for this cost estimate (vendor quotes, etc.) should lend more 
credibility to the cost estimate. 

Repackaging and Off-Site Incineration of Drums 

A unit cost of $700 per drum is given for all alternatives 
except Alternative 4. This cost seems reasonable with regard 
to the -30%, +SO% FS cost estimate guideline. However, 
providing the basis for this cost estimate (vendor quotes, 
etc.) would lend more credibility to the cost estimate. 

Why was a unit cost of $400 per drum used for Alternative 4? 

Off-Site Disposal of Drums and Miscellaneous Qebris 

A lump sum cost of $1,000,000 is given for all alternatives. 
This cost and the fact that it is the same for all 
alternatives seems reasonable. Making a cost estimate for ~ 
such an unknown is difficult. Providing the assumptions used 
in making the cost estimate would lend more credibility to 
the cost estimate. 

Slurry Wall 

A unit cost of $8.62 per sq. ft. is given for Alternative 2. 
This cost seems reasonable with regard to the -30%, +SO% FS 
cost estimating guideline. However, providing the basis for 
this cost estimate would lend more credibility to the cost 
estimate. 

Trial Burn 

A lump sum cost of $200,000 is given for Alternatives 3A, 6A 
and 7A. This cost estimate and the fact that it is the same 
for all alternatives seems reasonable. However, providing 
the basis for this cost estimate would lend more credibility 
to the cost estimate. 

On-Site Incineration 

A unit cost of $4SO per cubic yard was given for Alternatives 
3A, 6A and 7A. What is the basis for using this unit cost? 
Table 3-5 gives a unit cost of $370 per cubic yard. 

Treatability/Pilot studies 
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All alternatives involve one or more treatability/pilot 
studies. The lump sum costs range from $200 1 000 to $400 1 000. 
These costs and the fact that they are consistent across all 
alternatives seems reasonable. 

on-Site Low Temperature 

A unit cost of $300 per cubic yard was given for Alternatives 
38, 68 and 78. What is the basis for using this unit cost? 
Table 3-5 gives a unit cost of $185 per cubic yard. 

In-Situ Steam Stripping 

A unit cost of approximately $560,000 per auger is given for 
Alternative 4. Providing the basis for this cost estimate 
(vendor quotes, etc.) would lend more credibility to the cost 
estimate. 

Vapor Extraction 

A unit cost of $200,000 per system is given for Alternatives 
5, 6A and 68. Providing the basis for this cost estimate 
(vendor quotes, etc.) would lend more credibility to the cost 
estimate. 

Land farming 

What is the basis for the $2 1 500 1 000 cost estimate given for 
Alternative SA. Providing the basis for this cost estimate 
(vendor quotes, etc.) would lend more credibility to the cost 
estimate. 

Slurry-Phase 8ioreactor 

What is the basis for the $6 1 000,000 cost estimate given for 
Alternative 88. Providing the basis for this cost estimate 
(vendor quotes, etc.) would lend more credibility to this 
cost estimate. 

Off-Site Disposal of peB Soil at RCBA/TSCA Landfill 

A unit cost of $700 per cubic yard is given for Alternative 
5. This cost seems reasonable with regard to the -JOt, +50t 
FS cost estimate guideline. However, providing the basis for 
this cost estimate (vendor quotes, etc. ) would lend more 
credibility to the cost estimate. 

INDIRECT CAPITAL COSTS 
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The indirect capital cost percentages are typical of those 
used at FS level cost estimating. OVerall, the indirect 
capital costs seem reasonable with regard to the -30%, +50% 
FS level cost guideline. The indirect capital costs also 
seem reasonable when compared between alternatives. 

OPERATION AND MAINTENANCE COSTS 

Groundwater Monitoring 

An annual O&M cost of $200,000 for 30 years is given for all 
alternatives. This cost seems reasonable based on inclusion 
of labor and analytical costs for quarterly monitoring of the 
number of ACS monitoring wells. The fact that the cost is 
consistent across all alternatives is also reasonable. 

Groundwater Extraction Wells 

An annual O&M cost of $65,000 for 30 years is given for all 
alternatives except Alternative 2. Providing cost estimate 
assumptions would lend more credibility to the cost estimate. 

Why is the annual O&M the same for Alternative 4 which has 
fewer wells and a lower pumping rate? 

Groundwater Treatment 

Table 4-15 gives an annual O&M cost of $685,000 for a 200 gpm 
air stripping/ion exchange treatment facility. What is the 
basis for using an annual O&M of $750,000 (combined initial, 
intermediate, final groundwater treatment O&M) for 
Alternatives 3B, 5, 6A, 6B, 7A, 7B, SA and SB that also have 
a 200 gpm capacity? 

In-Situ Steam Stripping 

Alternative 7 gives an annual O&M cost of $2,700,000 for 10 
years. What is the basis for this cost estimate. Providing 
cost estimate assumptions would lend more credibility to this 
cost estimate. 

Vapor Extraction 

Alternative 5 gives an annual O&M cost of $400,000 for 15 
years and Alternatives 6A and 6B gives an annual O&M cost 
estimates of $400,000 for 5 years. What is the basis for 
these cost estimates? Providing cost estimate assumptions 
would lend more credibility to the cost estimate. 
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Alternatives SA and SB give annual O&M costs of $300,000 for 
10 years and $600 1 000 for 5 years. What is the basis for 
these cost estimates? Providing cost estimate assumptions 
would lend more credibility to the cost estimate. 

Land farming 

Alternative SA gives an annual O&M cost of $600,000 for 10 
years. What is the basis for this cost estimate? Providing 
cost estimate assumptions would lend more credibility to the 
cost estimate. 

Slurry-Phase Bioreaction 

Alternative SB gives an annual O&M cost of $2,200,000 for 5 
years. What is the basis for this cost estimate? Providing 
cost estimate assumptions would lend more credibility to the 
cost estimate. 

Insurance 

Why is the annual O&M for Alternatives 6A and 6B less than 
Alternatives 3A, 3B, 7A and 7B that include the same 
incineration technologies? 

Why is 1 year used in Alternative 3A and 3B when the source 
treatment is anticipated to last 3 years? 

Reserve Fund 

Why is the annual O&M for Alternatives 6A and 6B less than 
Alternatives 3A, 3B, 7A and 7B that include the same 
incineration technologies? 

Why is only 1 year used in Alternative 3A and 3B when the 
source treatment is anticipated to last 3 years? 

Administration 

An annual O&M cost of $200,000 for 30 years is given for all 
alternatives. This cost seems reasonable. Providing cost 
estimate assumptions would lend more credibility to the cost 
estimate. 

Number of Years 
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The number of years used in the present worth analysis seems 
appropriate based on the duration given in the text. It 
would be helpful if the basis for using the number of years 
was given in footnotes or references given to the appropriate 
section of text. 

COST EFFECTIVENESS/PRESENT WORTH ANALYSIS 

The total indirect capital cost for Alternative 4 should be 
$5,220,000 instead of $3,980,000. The resulting total net 
present worth for Alternative 4 should be $50,600,000 instead 
of $49,400,000. 
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The followi~g ARARs are being forwarded for inclusion into specific 
areas of the Feasibility Study Report. Many of these ARARs may 
already be included in the ARARs listings in the FS Report and many 
may not. In all cases, specific ARARs which may be problematic (as 
in the use of the Hammond POTW) should be specifically mentioned in 
the appropriate discussions on ARARs in the detailed analysis. In 
all cases, this list of ARARs should be checked against those 
already existing in the report and the listing in the report 
updated accordingly. IDEM ARARs are included separately as 
Attachment 3. 

Water Pollution Control ARARs 

1. 40 CFR Part 122.42(b), National Pollutant Discharge 
elimination System Permit Regulations - Requires notification 
of issuing authority of re-evaluation of POTW pretreatment 
standards (It should be noted that in the event that the POTW 
does not have a local limitation for a particular pollutant 
found in the leachate from this Superfund site, it must 
evaluate its local limitations, and develop such a limitation 
as necessary to protect the POTW from interference, pass 
through, or inhibition from that discharge). 

·2. 4 0 CFR Part 4 03 • 5, NPDES National Pretreatment Standards, 
discharge to a POTW must not interfere, pass through untreated 
into the receiving waters, or contaminate the sewage sludge. 

3. 40 CFR Part 403.8(f), NPDES Pretreatment program requi~ements 
for POTWs. 

It must be noted that approval must be obtained from the u.s. EPA, 
Water.Division prior to discharge to the Hammond Sanitary Districts 
POTW due to poor compliance history and pending enforcement 
actions. · 

The following ARARs apply specifically to the collection and 
discharge of groundwater and leachate to surface waters near the 
site. 

4. 40 CFR Part 122.44 NPDES Permit Regulations - Establishing 
~ imitation, standards, and other NPDES permit conditions, 
including Federally approved State water quality standards. 

5. 40 CFR Part 122.44 (a), NPDES Permit Regulations - Best 
Available Technology (BAT) for Toxic and non-conventional 
wastewaters or Best Conventional Technology (BCT) for 
conventional pollutants. 
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6. 40 CFR 122.44(b), NPDES Permit Regulations- Other Effluent 
Limitations and standards requirements under sections 301, 
302, 303, 307, 318, and·405 of the Clean Water Act (CWA). 

7. 40 CFR Part 122.44(d), NPDES Permit Regulations, Water Quality 
Standards and State Requirements - Water Quality Based 
Effluent Limitations (WQBEL). Any requirements in addition to 
or more stringent than promulgated effluent limitations and 
guidelines ~r standards under sections 301, 304, 306, 307, 
318, and 405 of the CWA. 

8 •• 40 CFR Part 122.44(e), NPDES Permit Regulations, Technology
Based controls for toxic pollutants, Discharge limits 
established under paragraphs (a) , (b), or (d) of 40 CFR Part 
122. 44 must be established for toxics to be discharged a~ 
concentrations exceeding levels achievable by the technology
based BAT/BCT standards. 

9. 40 CFR Part 122.44(1), NPDES Permit Regulations- Requires 
monitoring of discharges to ensure compliance • 

10. 40 CFR Part 122.21, NPDES 
application mus~ include a 
proposed action including 
environmental permits. 

. 
Permit Regulations Permit 
detailed description of the 

a listing of all required 

11. 40 CFR Part 125.100, NPDES Permit Regulati'ons - The site 
operator must include a detailed description of the proposed 
action including a listing of all required environmental 
permits. 

12. 40 CFR Part 131 - States are granted enforcement jurisdiction 
over direct discharges and may adopt reasonable standards to 
protect or enhance the uses and qualities of State surface 
water bodies. 

13. 40 CFR Part 136.1-136.4 - Requires adherence to sample 
preservation procedures including container materials and 
sample holding times. 

ARARs furnished by the Indiana Department of Environmental 
Manage~nt (IDEM) are provided as a separate attachment to this 
letter. 
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INDIA~A DEPARTMENT OF ENVIRONMENTAL MANAGEMENT 

Mr. Robert Springer RA-14 
U. S. EPA Region V 
230 South Dearborp 
Chicago, IL 60604 

Dear Mr. Springer: 

June 6, 1991 

105 South Meridian· Street 
P.O. Box 0015 

lndianapolrs 462()6..t,()I5 
Telephone 317/232-8603 

Re: Applicable, Relevant and 
Appropriate Regulations, American 
Chemical Services Site. 

In response to your request for applicable, relevant and 
appropriate regulations (ARARs) for the American Chemical 
Services site in Griffith, the staff of IDEM have reviewed the 
alternative Afray Document for the American Chemical Services 
site. I am enclosing the evaluation and comments on the ARARs 
~eceived from IDEM's offices of Air Management, Water Management, 
Solid and Hazardous Waste Management ·along with comments 
solicited from the Indiana Department of Natural Resources. 

The reviews centered around the tables provided in the 
document, which listed potential ARARs. Many of the comments are 
presented as amendment to those tables. 

The evaluations provided are general in nature and are 
designed to provide the basic framework from which a recommended 
alternative dan be developed. Once a suitable alternative has 
been selected, the site and remedy specific ARARs will be 
provided to insure that all r~gulatory requirements are met 
during the remedial design phase~. Detailed information such as 
emissions limitations or discharge limits cannot be provided 
without specific engineering qesign details. 

We appreciate your attention to these Indiana requirements. 
If you have any questions, please do not hesitate to call me. 

Sincerely, 

Kathy Prosser 
Commissioner 



'.:__:;, .. ;.~".-{-:. 
-. ""'!' • 1 . ,;. • •·:~ . 

. :· ; . :· ~ . . ; .. _ . -·~·l--_ 

APPLICABLE, RELEVANT, AND APPROPRIATE REQUIREMENTS·. 
AMERICAN CHEMICAL SERVICES SITE 

GRIFFITH,. IN 

... :: .. i'~~ij@ 
OFFICE OF AIR MANAGEMENT 

Any of the proposed remedial options which have the potential to 
emit air pollutants may be subject to Air Pollution Control ~ard 
Rules as found in Title 326 of the Indiana Administrative Code. 
Applicable rules ~ay include the following: 

. ' 

326 lAC 2-1, Permit Review Rules 
326 lAC 4-2, Incinerator Rules, 
326 IAC 6-4 and 6-5, Fugitive Dust Rules, and 

' 326 IAC 8-1, Volatile Organic Compound Rules. 

326 IAC 2-1 
A Permit Application should be completed pursuant to Rule 2-l for 
any facility which has the poten:ial to emit air pollutants. 
There are special forms for air strippers and incinerators. This 
information is required for a technical review of the proposed 
project in order to identify applicable rules, determine if air 
pollution control equipment is needed, and establish allowable 
emission limits. 

. The ·OAM permit review process involves an air toxins screening to 
estimate the potential impact on human health. Rule 2-1-3 allows 
the Commissioner the authority to impose such conditions on the 
permit as necessary to ensure that the public health will be 
protected. 

326 lAC 4-2 
Incineration emissions are regulated under Rule 4-2. This rule 
limits particulate matter emissions from incinerators with 
maximum refuse-burning capacity of 200 pounds/hour or more to 0.3 
pounds/1000 pounds of dry exhaust gas. Particulate matter 
emissions from incinerate+& with a burning capacity less than 200 
pounds/hour arP- limited 0.5 pounds/1000 pounds of dry exhaust 
gas. A secondary combustion chamber of equivalent is required. 

I 

326 IAC 6-4 and 6-5 
Fugitive dust emissions are regulated under Rules 6-4 and 6-5. 
Rule 6-4 limits fugitive dust which crosses the source's property 
line: no visible emissions are allowed and the increase in 
upwind/downwind total suspended particulate concentration is 
limited to 50 ug/m3. ·Rule 6-5 ·re~ires new sources to submit a 
fugitive dust contr9l plan. The plan shall describe the methods 
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to be used to Lmplement all Reasonably Available Control 
Technology (RACT) measures. 

326 IAC B-1 

.' 

Volatile Organic Compound (VOC) emissions are regulated under B-
1, et al. Rule 8-1-6 requires Best Available Control Technology 
(BACT) for new sources with potential emissions greater than 25 
tons per year. • 

The Office.of Air Management is currently developing State air 
toxins rules which. may be applicable to the facilities proposed 
for this site by the time the proposed remedies are implemented. 

Attachment 1 contains forms from CAM's construction permit ·~ 
application which, when completed, should allow for adequate 
technical review of the project. Attachment ·2 is a copy of Table 
3-3 from the feasibility Study which has been revised to more 
correctly identify applicable State ARARs from the Air Program. 
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' O~FICE OF SOLID AND HAZARDOUS WASTE MANAGEMENT 
~ ~-. ;·., 

·. ~ -~ 

Table 3-2 

1. Within 100-year floodplain 

329 IAC 3-41-9(b) would be required for any facility acting 
as a TSD under RCRA to prevent washout of .any hazardous 
wastes by a 100-year flood. · 

·. 
Table 3-3 

Table 3-3 should be corrected as follows. 

Page 1, line 2. Delete ozone, replace with Volatile Organic 
Compounds. Delete 3261 TC -1-4-1, replace with 
3261 AC 1-3-4. 

Page 1, line 10. {Air emissions of VOC's) add •and particulate 
matter". Delete 3261 AC Article 8, replace with 3261 AC 
Article 2. Also, add a new bullet, "BACT required for new 
VOC sources greater than .25TPY", "3261 AC 8". 

Page 2, bottom of page. Add "New Source Performance Standards". 
"Tanks with storage capacity greater than 40m3 (10,567 
gallons) s·toring liquid .with vapor pressure greater than 
3.5 kpa (0.51 PSI)" "3261 AC 12, 40 CFR 60 Support K6" 

Page 4, fourth bullet from the bottom, add the Indiana Rule Cite 
for "control wind dispersal of particulates", "3261 AC 6-4 
_,nd 6-5". 

Page 5, Excavation. Add 3261 AC 6-4· and 6-5 which regulator 
control of dispersal of particular. 

Page 6, Incinefation. The Prerequisites of Applicability of 
3621 AC 4-2 are: Incinerators with burning capacity greater 
than 200 lbs./hr. The requirements are: Particulate Matter 
emissions limited to 0.3 lbs/ 1000 lbs. dry exhaust matter 
and particulate matter emissions for incinerators with 
burning capacities less than 200 lbs./hr l~ited to 0.5 lbs/ 
1000 lbs. dry exhaust gas. 
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Ms. Pat Carrasquero 
Page 2 
American Chemical Services 

·. 

Page 6, Incineration, fourth bullet. Under Prerequisites of 
Applicability (air emissions ... lead), ~eplace 
•ozone" with •volatile Organic Compounds".· 

1. Air Emission from On-Site Treatment Operations 

The state is not currently authorized for 40 CFR 264 Subpart 
AA & BB, but will probably adopt the rule by September 1991. 
The rule would be required for storage or treatment process 
vents or equipment leaks. 

2. Closure with Post-closure Care 

329 IAC 3-46 - All RCRA closures must meet the closure 
requirements and the closure performance standard under 
329 IAC 3-46-2. Post-closure care of a unit must continue 
for thirty (30) years after the completion of closure and 
includes groundwater monitoring and maintenance of the waste 
containment system. 

329 IAC 3-45 - The groundwater monitoring requirements would 
apply to post-closure. 

3. Closure with no Post-closure Care (e. g. Clean Closure) 

329 IAC 3-46 - All RCRA closures must meet the closure 
requirements and the closure performance standard under 
329 IAC 3-46-2. All contaminates (including contaminated 
soil)·must be removed. The closure should el~inated the 
need for further maintenance and control. Health-based 
standards may be used to demonstrate clean closure . . 

4. Hazardous Waste Generation, Storage and Off-Site Disposal 

329 IAC 3-7 - applies to generators of hazardous waste. 
329 IAC 3-8 - manifest requirements. 
329 IAC 3-9 - transporting and accumulation time. 

5. Hazardous Waste Tank Storage 
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Ms. Pat Carrasquero 
Page 3 
American Chemical Services 
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329 IAC 3-34 and 329 IAC 3-49. The standards for new tanks 
must be met. The tank construction materials must be 
compatible with the waste to be stored or treated. , The · 
tanks should have secondary containment to prevent the 
release of hazardous wastes. The tank must be inspected 
daily. The ~ank should be closed in accordance with 329 
IAC 3-49-8. 

40 CFR 268.50. The state is not currently authorized for 
CFR 268.50, but the rule would be applicable when such 
storage occurs beyond one year. The owner/operator 
bears the burde~ of proving that such storage is solely for 
the purpose of accumulating sufficient quantities to allow 
for proper recovery, treatment, and disposal. 

6. Hazardous Waste Container Storage 

·. 

329 IAC 3-43 and 329 IAC 3-48. Containers must be main
tained in good condition and be compatible with the waste 
stored or treated. All containers must be kept closed and 
handled in a way which avoids leaks, spills and ruptures. 
Weekly inspections are required to detect·leaks and--' 
potential deterioration. A containment system capable of 
containing 10% of the waste stored is required. The 
containment must be free of cracks/ gaps and able to contain 
leaks, spills, and accumulated precipitation or other 
liquids collected. Unless enclosed, run-on or rainwater , 
in the containment may be hazardous, and may need to be 
handled as hazardous waste. 

40 CFR 268.50. The State is not currently authorized for 
40 CFR 268.50, but the rule would be applicable when such 
storage occurs beyond one year. The owner/ operator bears 
the burden of proving that such storage is solely for the 
purpose of accumulating sufficient quantities to allow for 
proper recovery, treatment, and disposal . .. 

7. Construction of New Hazardous Waste and PCB Landfill On
Site 

... ·- .... _ ·---- ., 
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MS. Pat Carrasquero 
Page 4 
Americ~n Chemical Services 

329 lAC 3-34 and 329 lAC 3-53. The landfill must have a 
liner system for all portions of the landfill. The liner 
system must have at least two ( 2) ·liners. The design, 
construction and operation must maintain the run-on 
and prevent flow onto the landfill. A monitoring and 
inspection program must be maintained. The landfill 11ust 
be closed in accordance with 329 IAC 3-53-5. 

·. 
40 CFR 268. The state is not currently authorized for 40 

I 

CFR 268 rules pertaining to the TCLP requirements, but tte ·~ 
rules would be applicable. 

329 IAC 3-45. The groundwater monitoring requirements would 
apply to the landfill. 

Excavation 

329 IAC 3-46. The closure rules as stated in item 2 and 3 
would apply. 

40 CFR 268. The State is not currently authorized for 40 
CFR 268, but the rule would be applicable for waste 
transferred to a new location. 

9. Incineration of Hazardous ·waste and PCB's 

329 IAC 3-34 and 329 lAC 3-54. The waste must be analyzed 
and the incinerator must be permitted and meet the 
Performance Standard of 99.99\ ORE. All residues, ash 
scrubber waste and sludge must be disposed of as hazardous 

·waste. The incinerator must be·monitored for various 
parameters and utilize an automatic waste feed cut-off 
system. • 

10. Land Treatrlient 

329 lAC 3-34, 329 IAC 3-50, 329 lAC 3-51 and 329 lAC 3-52. 
Before a waste can be treated on or in a land treatment 
unit, the waste must meet the treatment standards set forth 
in 40 CFR 268. Surface impoundments and waste piles must 
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have a liner in order to prevent any migrations of waste.) 
Groundwater monitoring Gay be required under 329 1AC 3-45. 
Run-off of hazardous constituents must be minimized 
Run-on/ run-off control and management system must be 
minimized. Special application conditions would apply if 
foodchain crops are grown in or on treatment zone. Special 
requirements for ignitable or reactive waste, and special 
requirement~ for incompatible wastes would apple. Special 
testing and location requirements for certain hazardous 
wastes would apply. 

40 CFR 268. The State is not currently authorized for 40 
CFR 268, but the rule would be applicable for land ban 
wastes. 

11. Surface Water Control 

329 IAC 3-51-2, 329 IAC 3-52-4, and 329 IAC 3-53-2. 
Prevent run-on and control and collect from a 24-hour 
25-year storm (waste piles, land treatment facilities, 
landfills). Prevent over-topping of surface impoundment . 

• 
12. Treatment of Hazardous Waste or PCB'S (in a unit) 

329 IAC 3-50-2, 329 IAC 3-51-2, 329 IAC 3-52-4, 329 IAC 3-
54-4 thru 546, 329 IAC 3-30-2. Design and OPerating 
standards for units in which hazardous waste is treated. 

40 CFR 264.601 would apply to miscellaneous units however 
the State is not yet authorized for the rule. · 

13. Placement of Hazardous Waste in Land Disposal Unit 

40 CFR 268 (subpart D) would apply, however the State 
is not yet authorized for the rule. 

.·- ...... .... 
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Ms. Pat Carrasquero 
Page 6 
American Chemical Services 

Table 3-4 

1. Potential TBC-RCRA health-based "action levels" for individual 
Appendix VIII hazardous constituents. No rules currently 
apply, however the July 27, 1990, Federal Register- Proposed 
RCRA Corrective Action Regulations should pe considered. 

Office of Water Management 

Table 3-2, Effluent for stream or river, add the citation 
•J27IAC5". 

Table 3-3, page 8, Best Available Technology, add the citation 
327IACS. (327IACS requires Best Management Practice and Best 
Professional Judgement where numeric effluent limitations are in 
feasible or the practices are reasonably necessary or where 
required under the Clean Water Acts. 

Table 3-3, page 9, Discharge to Publicly Owned Tre~tment Works, 
second bullet. Remove "327IACS-2-10" and "327IAC5-5-3", replace 
with •J27IACS-ll through 15. 

Table 3-3, page 9, Discharge to Publicly Owner Treatment Works, 
third bullet. Citations are 327IAC5-ll through 15 and 326IAC8 . 

• 
Department of Natural Resources 

IC-13-2-6.1 
In addition to the requirements of 13-22-2 which were included in 
the tables, DNR also requires registration of extraction wells 
that are "Significant Water Withdrawal Facilities". Forms and •. 
Requirements are attached. This rule addresses extraction wells 
which may impact private drinking water wells, and requires the 
owner of the extraction well to provide an alternative water 
supply to persons affected by the well. 

PC/lk 
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Optimizing Pumping 
Strategies for 

Contaminant Studies and 
Remedial Actions 

by Joseph F. Keely 

Abstract 
One of the more common techniques for controlling 

the migration of contaminant plumes Is the use of 
pumping wells to produce desired changes in local 
flow rates and hydraulic gradients. When seeking to 
optimize an array of pumping weU locations and dis
charge rates. It is important to consider the effects 
that non-Ideal aquifer conditions. well construction 
and demographic constraints produce. Heterogeneous 
and, anisotropic aquifer conditions seriously compli
cate stung and discharge rate requirements for pump
ing wells because of the distorted cones of depression 
that resuJ~ from withdraWing water in such settings. 
Proi»er screen selection. gravel pack emplacement and 
we]] development are crucial factors affecting the 
operational characteristics and economics of pumping 
wells: these factors are generally recognized. though 
often undervalued. The Impacts that well depth and 
diameter. and screen length and position have on the 
effectiveness of pumping elltrts are also often under
valued. With detrimental consequences. Perhaps the 
most difficult problems to overcome In designing 
pumping schemes. h~.are posed by demographic 
constraints. Denial of property access. vandalism and 
the unpredlctabtlity of~ water supp!y and lrri· 
gaUon pumpage tend to wreak havoc with the best of 
pumping strategies. 

Introduction 
Safe storage and disposal of hazardous wastes have 

become major social issues because of the discovery 
that many sites lack proper precautions for the pre
vention of soil and water contamination. Ground water 
contamination has received the major share of socie
ty's attention to these Issues. primarily because the 
route of human exposure by this pathway Is direct. In 
practical terms. this means that the level of cleanup of 
the damage done by contamination fncidents Is often 
dictated by social concerns (e.g. health risk). Plume 
stabilization by interception and control with perime
ter wells. injection and recovery loops. and other 

pumping schemes may be chosen as the -remedial 
action .. appropriate fora particular plume. The affected 
plume may be held in place and treated. it maybe held 
and allowed to move on after alternate public supplies 
have been located for downgradlent water systems. it 
may be held in place to allow biodegradation of 
particular constituents. or It maybe held until better 

·treatment procedures can be devised. 

Factors Meeting Pumping Strategies 
Hydrodynamic control and recovecy strategies Y8JY 

considerably In their efficiencies. Besides the obvious 
need to choose the weD locations and Oow rates care
fully. a number of other considerations demand atten
tion (Figure 1 ). Non-ideal aquifer conditions are i' 
realltyforvirtuallyallreal-llfesttuatlons:heterogenelty 
Is the rule rather than the exception. Three-dimen
sional anisotropy. as expresed by the vertical vs. hori
zontal hydraullcconductlvttyratfo.lsa near certainty 
for most strata. Less visibly pronounced. yet almost as 
prevalent. Is an expressed anisotropy In the horiZontal 
plane of many strata. These commonplace non-ideal 
aquifer conditions complicate OIJT perception of where 
a given plume can go (fetter 1981) under both natural 
flow condi tlons and remedial action pumptngschemes. 
The preferential flow paths that are created by buried 
lake beds. glacial outwash gravels, streambeds. coastal 
deposits and the like cannot be delineated Without 
expensive and time-consuming field tests. Ukewtse. it 
Is nearly Impossible to accurately predict the magni
tudes of distortion In the cones of depression created 
by \vells pumping from heterogeneous. anisotropic 
aquifers. 

Variations tn the propertieS of the fluid In an 
aquifer. particularly the solution density. also can 
.significantly affect the behaVior of contaminant 
plumes (J:>rgenson et al. 1982). Immiscible plumes 
\\ith lower density than that of the native ground 
water will float at the surface of the saturated zone. 
traveling along the same general gradient. but traveling 

-
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at a different rate than the underlying ground water. 
Immiscible plumes with greater density than that of 
the native ground water will sink through the ground 
~ter. losing small but significant amounts of low 
solublli ty constituents as they move. Miscible plumes 
ofanydenslty. by definition. mix Intimately with native 
ground water. TheduraUonoftimerequlred toachieve 
a specific dilution by thts mixing changes markedly. 
however. and Is generally Inversely related to the den
sity. For most situations. the greater the density, the 
shorter the mixing petiod. The exception to this gen
eral rule would be the~ of a large volume of~ghly · 
dense. miscible fluid penetrating a shallow aquifer 
quickly enough to reach bedrock tn a relatively undis
turbed form. 

Considerations · 

Non-Ideal Aquifer Conditions: 
• Heterogeneity 
• Anlsotroplsm 
• Variable density ·• 

Well Construction Effects: 
• P3rtial penetration 
• Partial screening 
• Incomplete development 

Anthropogenic In1luences: 
• Property access 
• Vandalism 
• Unknown pumpage/lnjectfon 

Other Factors: 
• Physiochemical attenuation 
• Biological tnmsfonnattons 
• Operational fallures 

These complexities work against us lfwearetgnor
ant of them. Working up an appropriate recovery sys
tem for a contaminant plume can be compared to 
designing an oU prodl,lction system: What you get out 
depends directly on what you put In-up to a point 
Where that break-even &Pint comeS ts hard to say. 
given unknowns like the source strength and timing. 
and tmmeasurables like the dollar value of additional 
cancer Vtcttms. What ts'abundantJY clear. however. Is 
that there Is a substantial mtnfmum for setioits play. 
One does not bUthely~w up plans to pumpancHreat 
a plume unUJ considerable tnanpowei and· fund~ are 
expended to obtain lnformattori on the natural flow 
direction. gradient and veloctt:Y. The question Is usually 
one of how much to spend to ~.ch some desired level 
of detail; the level of detail Is set by social ~ncems. 

This seems to be logical application of technology 
for social need. but the Jogtc may be shortsighted. If 
social concerns (based on preliminary evaluation Qf a 
contaminant Incident) ate minimal. there Is no guaran
tee that such social coneems are appropriate. Addi
tional studies. which could delineate preferential Oow 
paths and quantify factors affecting contaminant 
behavior. mlg!'lt weD generate findings that would 
justify considerably greater or Jesser social concern. 
Quite often data from preliminary tn\Pesugations are 
limited to samples from s~allow on-site weDs, which 
may fall to signify the potential Impact of dense plumes 

or seasonally-ocxurrtng leachate plumes that have 
moved off-site. Additionally. the preliminary Investiga
tion wells are not normally installed to a sufficient 
depth for appreciation of the local stratigraphic and 
lithologic characteristics of the aquifer. 

In addition to a better understanding of where 
contaminants mightgowtth the natural Oo't'.asecond 
powerful argument to avoid -penny-wise a·nd pound
foolish" Investigations concerns the need tci provtde 
the best Information possible for targeting well loca
tions and pumping strengths In remedial aCtion!.. The 
occurrence o( spec!flc heterogeneities can be used to 
advantage by loc:attngwells near low permeabUttyclay 
Wllts to generate greater drawdown for a given pump- -
tng rate. LikeWise. knowledge of the direction of the 
ptinclpal hortzont&. axi~ In anisotropic strata can help 
to maximize the arrangement of the utroughs of 
depression·· for wells to be locatq::ttn such settings; 
knowledge of the magnitude of vertical anisotropy can 
help determine ~ amount of water pumped (rom 
strata containing contaminants vs. the amount of 
Mclean" water from Ute other strata open to the well. 

This latter factor. vertical anisotropy. leads to 
examination of some of the more controllable Items to 
be considered In opttmtzlng pumping suategtes-well 
construction effects. For example. the Impact that par
tial penetration of a fully screened pumpirtg well can 
have on the estimate of potential forcontamlnation of 
a water supply or on the effectiveness of a remedial 
action scheme is tremendous (Saines 1981 ). The effect 
ts to cause exaggerated drawdowns near the well The 
magnitude of the effect ts inversely dependent on the~ 
degree of penetration of the well Into the aquifer, being 
greatest forslightpenetration.f:latunJUy.~ 
t!P~ .... ~~!!!!!uen~.!lng d!Jes!!J~~-: 
.eff~t, .. ~!er.m;,wa~foi.~g::.P.~~t_Ijgra~ 
fOmpare ~tha.~~~~ ... Y.~t.!I}i;...,~:· 

Again. knowledge of these factors can be used to 
enhance a pumping scheme that is. for example. de
signed to maintain hydrodynamic control of a plume at 
the lowest possible level of pumpage. Lack of appre
datton of these well construction effects can result In 
poor estimates of potential contaminant Impacts on 
supply wells and In pOorly designed remf"dlal action 
schemes. An~ther effect worthy of menL~1 Is that 
generated by well d~opment practices. li a well Is 
prope~ developed. f:he drawdown measurable Inside 
the well will agree with ·the level projected by close 
observation wdls. .More often. however. a well ts not 
perfectly effident bec:ause the well develOpment pro
cedures were not adequate to remove drilling Ould Ones 
and locally disturbed aquifer matertal resulting from 
the drilling process. These mater1als lower the permea
bility of the gravel pack and formation Immediately· 
adjacent to the well 'Ole greater the degree of wen 
Inefficiency caused by lack of proper development the 
greater the amount of non-productive drawdown Inside 
the well; this means that the well may never~ able to 
pump at destgn capadty without risk of r-unning dry. 
and It means Increased operating expense due to the 
additional pump lift required. What tt may also portend. 
for seriously Inefficient wells. ts that certain strata 
penetrated by the well may be effectively sealed by 
drilling mud or by natural clays that were smeared over 
the borehole face by the actions of the drilling operation. 
Such -sealed orr· strata may cany the bulk of the 
contaminants. resulting In poor recovery of the plume. 

Some of the most significant. though less control
lable. facto~ tha~ should be considered when optlmtz-
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ing pumping strategies concern direct anthropogenic 
lnflu~nces: denial of property access. vandalism and 
unknown pumpage all tend to wreak havoc with the 
bes! laid plans. Bedient et al. ( 1984) describe efforts to 
delineate a plume of contaminants migrating under a 
residential area from an abandoned wood creosoling 
plant in Conroe. Texas: 

MSeveral wells exist in the general Dow direc
tion. but not directly downgradient from the 
waste pit lpeaUons. Access was not granted for 
installing monitoring wells ... Approximately 50 
percent of the chloride plume has been defined 
sinee the monitoring well network is Incomplete 
at this time ... Completion of the monitoring well 
network Is needed to capture the center of the 
contaminant plume. This will require more wells 
downgradlent on land that has not previously 
been accessible for Investigation." 
The granting of property access during investiga

tions of ground water contamination incidents in 
populated areas is no triVial matter. One typically finds 
it necessary to contact not only h.omeowners and land
lords for private property access. but also to negotiate 
with company engineers. vtce presidents and attorneys 
for commercial property access. It Is quite normal for 
such negotiations to be involved and protracted as city 
councils. educational boards. corporate headquarters 
and other bureaucratic entities are asked to concur in 
signing access agreements containing proVisions 
deemed necessary to ensure against incurred liability 
and potential damage. 

The role played by unknown pumping and/or 
injection wells operating near a remedial action pump
ing system is subtle but far-reaching. Such unknown 
stresses can significantly distort the Dow field and 
render remedial actions ineffective. Projections on 
plume movement made during an Investigation of a 
ground water contamination incident would also be 
in error if unknown wells~ causing distortion in the 
flow field: both the direction and the speed of the 
plume could be dramatically altered. The reason for 
the subtlety of the effects of many such wells is that 
their cycUc. seasonal or on-demand pumping sched
ules allow them to be detected only.by continuous 
recording of water level changes at numerous points 
around the zone of interest. Since aquifer responses at 
a given observation point~ somewhat non-unique. 
merely detecting extraneous sources of drawdown 
does not automatically result In Identification of the 
sources. 

There are a few other imlj>ortant factors to consider 
tha~ also affect pumping strategies. The physiochemi
cal properties of the contaminant itself can result In a 
need to pump several pore volumes from each unit 
volume of aquifer to be decontaminated. Sorption. ion 
exchange ano speciation changes can result in re
tarded movement of contaminants relative to the 
average velocity of the water with which they are 
Initially associated. Biotransformation of contami
nants may result in reaction products (daughter 
products! that are of greater or lesser toxicity. mobility 
and persistence-In other words. uncertain contami
nant behavior. Unlike the aquifer properties of storage 
coefficient. saturated thickness and·hydraulic conduc
ti\'ity. which can be readily determined. the current 
state-of-the-scl~nce with regard to determining the 
potentials for physiochemical attenuation and bio
transformation is not up to the le\>el of routinely 
orovirHncr ..... u-2hl,. .., ..... c-.... e~o.-. --- -:.- ... ---:r:- L--'-

Finally. an obvious but often overlooked considera
tion involved int)plimizing pumping strategies is the 
need to develop arlequatc contingencies for operational 
failures. This means some intentional overdesign for 
resen:e capacity. total redundancy of key wells and 
electronic coni rols. backup power systems and so on-
It also means bonding or insurance against unfore
seen catastrophies so that as little dow.'1ttme is 
expended as possible. It may also mean that an escrow 
account or trust fund must be established to provide 
the necessary capital for replacement of burned-out or 
inadequate pumps. deepening or abandonment of 
C.'Cisting wells. or drilling of additional wells. 

capture Zones vs. Zones of Pressure 
Innuences 

Keely and Tsang ( 1983) lntroduce1 the term Mcap
ture zone" to describe that portion:. of the aquifer 
affected by pumping which actuallyyh:lds water to the 
well. They have shoW)'l that the capture zone Is gener
ally much smaller than the zone of pressure Influence 
because a balance is achieved, under st-o.ady-state 
conditions. between the puJJ of water bad~ :~>ward the 
well from Its downgradtent side and the tendency of 
the natural flow system to move on further downgra
dient. Figure 2 is a series off our idealiZed illustrations 
that present conceptualiZations of how the size of the 
capture zone changes. relative to the zone ofp~u~ 
influence/cone of depression. as the local gradient 

--

. is increased. In Figure 2A the well Is pumping from a ,.. 
c;tagnant aquifer. indicated by the Oat pre-pumping · 
surface. o~rlaid on the theoretical cone of depression 
that would occur during pumpage. For s~gnant · 
aquifer conditions. the capture zone Is everywhere 
identical to the zone of pressure Influence and flow Is 
radial into the well. As the successive diagrams Indi
cate. however. non-stagnant aquifer conditions lead to 
smaller capture zones (Figures 28 to 2D). 

The slopes of the pre-pumping swfaces are overlaid 
on the theoretical drawdown cones In each frame of 
Figure 2 to emphasize the interaction of the natural 
flow system with the pumping stress to yield a capture 
zone smaller than the tone of pres...c-we influence. There 
is no intention to show the net surface resulting from 
pumpage by subtracting theoretical drawdown values 
from pre-pumping water elevations. These sketches 
do have the cosmetic drawback of showing crossing 
water level lines/curves. but the point ts to illustrate 
the lndtvtdual componehts of the net surface (cross
sectional view) and how they Interact to yield a capture 
zone (three-dimensional View). 

The flow lines generated by pumping a well from an 
idealized aquifer (homogeneous. Isotropic. constant 
density. etc.) under different natural Dow conditions 
are shown in Figure 3. In Figure 3 a well pumping 
l.OOOm 3/day from a I Om thick aquifer having a poros-
1 ty of 0.1 0 and a hydraulic conductivity of 1OOm/day 
has uniform radial flow under stagnant aquifer condi
tions (e.g. natural flow velocity equal to zerot. When a 
mild hydraulic grad tent (0.0001) ts tmposed on the 
sarne system (Figure 3B). the resulting natural flow 
\eloclty(O.l m/dayi is Insufficient to significantly affect 
the now lines. and uniform radial Dow is nearly main· 
tained. With a more moderate hydraulic gradient 
(0.00 1 ). the resulting natural Dow velocity ( l.Om/day) 
Is sufficient to sweep away many of the Dow lines and 
the capture zone Is dearly eVident (Figure 3C). Where 
~ steep ~radient (0.01) ts present. the capture zone 
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Figure 3. now lfDe plots for a single wen cUscharg1Dg l.ooom'/dar from em aquUer with 10m saturated 
th1ck:D8ss. lOOm/dar hydJauUc condw::ttf11y cmd 0.10 po%011tr 
NOrE:ScaleismmeteucmdDatwalflowproceedstromlowerleft-ha:Ddcomertouppentght-haDdc:omarof 
each plot at u.. ftloc:tty iDdicated 

influence (flgure 30 ). 

Comparing Pumping Strategies 
A typical use of pumping schemes Is to effect 

·hydrodynamic control over a plume. either for long
term stabilization or for withdrawal and treatment 
Consider extending the example Illustrated by Ftg
ure 3. First. assume a line of five wells lying perpen
dicular to the direction of natural flow CFtgure 4 ). Each 
of the five wells pumps 200m3/d~y. so that the total 
pumpage of the five wells Is the same as that of the 
single well in Flgure 3. Under stagnant aquifer condl-: 
Uons to low natural flow velocities (Ftgures 4Aand 4B l 
there does not seem to be any difference in the effec-
tiveness nf thP nnmn::U:J~> f.-n .... th .. n,,.. .,.au~· .. ~ ---

pared with the single well case (Figures 3A ~d 3BJ. 
The situation changes markedly If moderate to high 
natural flow vdocttles are present. however. as depicted 
In f1gures 4C and 40. As the natural flow velocity 
Increases. the capture zone of each of the nve weDs 
diminishes to a point where adjacent capture zones 
no longer overlap and natural flow Unes run on 
through the lfne of wells. By contrast the capture zone 
of the single wdl pumping 1.000m3/day does not 
develop holes. but does diminish in size to well below 
the perceived stze of the leaky coUectlve capture zone 
of the Une of five wells. 

In actuality. there Is no difference between the true 
collective size of the capture zones generated by the 
l't --- •• • • 
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F1QUI8 4. Flow UDe p)ots~or a line o1 five wells, each discharging 200m3/dar from em aquUer with 10m 
satumtec1 tb1ckDess. lOOm/day hydraullc CODdw:ttritr and 0.10 pOtoslty 

NOTE:Sca1etsmmetersan4natwalfknrp!OCH!1stromlowerleft·hcmdcomertouppen1ght-baDdcoDMttof 
eac!l plot at tbe ft1odtr 1Ddic:ated. 

rate well. By rearranging some of the expressions for 
capture zone dimensions gtven by Keely and TSang 
( 1983).11 Is possible to define the maximum ~ldth of 
the capture zone upgmdlent of the well as: w,_ • Q + 
(h4>~ V 1181). Using this relationship. It Is apparent that 
the maximum width (W mul of the capt.are zone of a 
well Is directly and linearly related to Its flow rate (Q). 
and IS Inversely related to the natural flow velocity 
cv ... ,J. 

For the e;3mple discussed here regarding a single 
well pumping I.OOOm3/day. the maximum ,.1dth of 
the captu~ zone Is l.OOOm when the natural llow 
velocity Is l.Om/day. and Is 1OOm when the natural 
flow velocity Is 10m/day. Each of the Ove wells In the 
second example discussed pumps at a Row rate equal 
lo one-fifth the Row rate o~ the well In the first example 

(200m3/day). and each. therefore. has a capture zone 
the maximum width of which Is one-fifth that of the 
single well (200m). Hence. by comparing F1gure 3 with 
Ftgure 4. It Is !feeD that the way In which the total 
pumpage Is distributed does directly affect the distri
bution of the c-.apture zone(s). but does not affect the 
magnitude or total area of the capture zone(sl: ~so tO 
~--~n ~t:t .. ~Ft~~-;3~ ~~ .. 4.,~!1.-~~t _1ncreast.~ .. the 
.natural, ~ow ~!)City esU~te ·can !h8~ a c:lriiJnaUc 
lmpact «>l.lJhe~eCu~ of~~ pJ.impt_ng ~~-~· 
'Given the order-Of_.magnttu<Jet~!l~~..:often 
~~.~~:w.f.~h ~.!."!l'S9>.E~~c~rf.!Y..~t!ma~.Jtls 
tnot surprlstpg~t_.pumy.~tngty,acccp~l?l~ reme
dial action scherries are ·doomed-to fail rntserBbly. 

A more complicated example provides further Illus
tration of these points. Assume that we have the same 
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500. 

' . I· .. b .. 
I . . . . . . . 
I • • • • 

r ..... . . 

-500. 

-500. 

. .. . .. 

... . . 
. . .. 

0. 

Figure SD. Steep hyd.rau11c gradient (0.01) 

500. 
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NOTE:Sc:alels1DmetaucmclDatwa:lflowp:rocHdstromlowerleft-ba:Ddcomertoupperdght-baDdcomerof 
each pJDt at the wlodtr mcltcated. 

aquifer conditions and' total pumpage lfmltaUon 
(l,OOOm3/day) as the preceding examples. We wtlJ 
distribute the pumpage unlfonnly by pumping each of 
eight wells at. 125m3/day. The eight wells are evenly 
spaced around a circle of 200m ntdlus. We are trytng to 
hold a plume Within the circle. With stagnant aquifer 
conditions to low natural now velocities. the plume 
appears to be stable; no Oow lines pass through the 
drcle (Flgurcs 5Aand SB). At modentte to high natutal 
.Oow velocities. however. the sttuaUon Is qutte different; 
flow lines readily pass through the circle. Indicating 
that the plume stabilization attempt has failed (f1g. 
ures 5C and SDI. 

A pump and treat scenario can be examined by 
modltytng the example shown In flgu~ 5 to change 
the operation of the eight wells from pumping to 

Injecting and by adding a major pumping well In the 
center of the circle. The single pumping well wt11 With- , 
draw J.OOOm3/day from the plume. The Withdrawn 
water wtll be treated and re-Injected Into the eight 
Injections wells at 125m3/day each. At zero to low flow 
velocities. the Injected water Oows radially t~d the 
central pumping wdl. forming a closed loop for recov
ery and treatment of the plume (Flgurcs 6Aand 68). At 
moderate to high natural flow velocities. the recovery 
loop Is broken and an Increasing amount of the 
Injected water and the plume are swept away by the 
regional flow (Flgurcs 6C and 60). It must be empha
sized that theconesoflmpresslon or depression of the 
wells o~rlap significantly for all of the multlwdl exam
ples discussed so far. Despite those o~rlaps. the net 
surface rcsulung from the natural gradient and the 
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Figure 6C. Moderate hydraulic gradient (0.001) 
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F1gwe 6. now11ne plots ?or a s1ng'le well dJ.scbargtng l,QOOmS/daJ, endrcled by eight wells iDject1Dg 125m'/ 
day 1nto em aquifer With 10m satwated tbJcbJHs, lOOm/dar hydrau11c coDducttritr aDd 0.10 porosity 

NOTE: Scale 1s in meters cmd Datumlflowproceeds from lower left·hcmd comer to upperdgbt·haDd comer o1 
each plot at the wlodty 1Dd1cated. 

water level changes due to pumpage and/or Injection 
Is shaped such that the streamlines are truly as pre
sented here. For further discussion of capture zones 
and velocity dlstrtbution plots. •5ee Keely and Tsang 
( 1983). The detailed theoretical development and 
sou~e code listings for the models that were used to 
generate the stream line plots shown here are given In 
Javandel et al. ( 1984 ). 

A Little More Detail 
It was q ulte clear In each of the preceding examples· 

that the pumping strategy began to fail as the natural 
flow velocities became appreciable. The tendency to 
fall Is generally becoming evident at a natural flow 
velocity of l.Om/day and Is beyond question at a 
natural flow velocity of 1Om/day. Flgure 7 shows that 

failure of each design Is certain at 5.0m/day as well;· 
the point at which the flow lines break through must 
be at much lower naturaJ flow velocltles. 

In Figure 8 the natural flow Yeloclty has beer. 
reduced to 0.5 and 0.4m/day for the last two examples 
only. Breakthrough of the streamlines (failure of the 
pumping strategy) occurs somewhere between the 0.4 
and 0.5m/day natural flow velocities. Similar compar
isons for the first two examples are not presented 
because flow Une breakthrough does not apply to the 
first example (a single production well) and the flow 
Hne did not indicate breakthrough at l.Om/dayfor the 
second example (a Une of five wells). 

The presence of an unknown well ts being studied 
in Figure 9. A major pumping well ( l.OOOm3/dayl has 
been arbltrarllv located downPrarltf"nt nfth~ same ltne 
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Figure 7. ComparisoD of JILUJ1p1ng cmars 1n em aquUer with 10m satwated fMc:ness, lOOm/dar h.ydraullc 
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I . 
offive wells discussed In the second example. Naturally. 
under stagnant aquifer conditions. the unknown weU 
creates a hydraulic dtvtde by distorting the Oow field. 
but it does not cause breakthrough of the flow line 
from across .the line of five wells {Flgure 9A). With a 
natural ~oW velocity of0.5m/day, however. flow Jines 
do begin to break through the Une of five pumping 
wells (Flgure 98). Substantial failure of the pumping 
scheme occur$ at l.Om/day natural flow velocity (Flg
ure 9C). Contrast the onset of breakthrough due to 
unknown pumpage (Flgure 98) wtth the same situa
tion In the absence of the unknown pumpage (Fig
ure 90 ). The. impact of the unknown weU Is staggering. 
not only because flow llne breakthroughs ~ occur
ring. but the collective size of the capture zones of the 
five pumping wdls Is being substantially reduced 

Another Illustration of the Impact of an unknown 
weU on theeffectivenessof a pumptngscheme Is shown 
In Figure 10. which Is the same eX:ample as discussed 
r.arlter (Flgure 6) for a closed-loop aquifer rehabtllta
Uon system. Under stagriant aquifer oondftlons. the 
unknown well diverts flow 8\V8Y from two of. the Injec
tion wells (Flgure lOA). At l.Omtday natural Oow 
velocity. the unknown weD diverts Oow from five of the 
elghtlnjectton wells (Flgure 1 OB).lt also allows flow to 
break away from the well field entirely, as Indicated by 
the streamline leaving the uppennost Injection weD 
and headlr,g downgradlent In ,ffgure lOB. The re
gional flow lines were omitted from Figure 10 and 
some of the diagrams In previous figures because 
Inclusion of those flow Jines would create confusion 
due to the excessive number of plotted points. 
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F1guJe 8. Detailed Unr5 o1 the onset o1 flow 11De lnakthroughs for two plume control stJategtes 1n an 
aqWfer with 10m saturated th1ckDess, lOOm/dar hydrau11c conduct1vttr ::md 0.10 porosity 
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Conclusions 
Heterogeneity. anisotropy. partial ·penetration and 

so on dJstort drawdown patterns and associated vdoclty 
dJstrlbuttons. It known. such Influences can be used to 
enhance recovel)' efficiencies for remedial actions. If 
unknown. such Influences may cause recovery effi
cler,ctes to be substantially lowered. Similarly. predic
tions of plume migration In non-Ideal aquifers Wlder 
non-pumping/natural flow conditions will be strength
ened ay specific knowledge ·regarding the occurrences. 
extent and_ magnitude of the non-Ideal condltlon(s). 
Such predlct!ons may be senously tn error If non-ideal · 
condttlons are not evaluated properly. 

be&1lal of property access. Joss by vand'allsm and 

unpredictable operation of nearby wells are also major 
sources of uncertainty In predicting contaminant 
migration and In designing remedial actions. Though 
commonly perceived to be Jess of an tmpac;:t on opti
mizing pumping strategies than non-ideal aquifer 
conditions. these factors may Indeed be the most 
uncontrollable and the most detnmental to opera· 
Uonal success. Other factors that have major impacts 
are the physiochemical <attenuation and biotransfor
mation potentials of the individual contaminant; !tis 
not yet economic;ally feasible to conduct adequately 
detailed studies of these potentials on a routine site
specific basis. Finally. a factor often overlooked that 
greatly impacts optimization efforts Is the risk of 
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mechanical and electrical operational failure: adequate 
contingency plans must provide certain minimal levels 
of excess/reserve capacity and redundancy of key sys
tem components. 
- The capture zones of wells do not equal their asso
ciated zones of pressure influence (cones of depres
sion). except for stagnant aquifer conditions. Velocity 
distribution plots must be constructed to define 
potenUaJs of contaminant migration. In particular. 
plotting the streamlines for various scenarios involv
Ing pumping and/or injection wells subject to a spe
cific natural flow velocity can greatly assist the ground 
water professionaJ 1 n selection of an optimal pumping 
strate~·· 
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Effectiveness of Various Aquifer Restoration 

Schemes Under Variable Hydrogeologic Conditions 

by Richard L. Satkina and Philip B. Bedientb 

·. 

ABSTRACT 
Th~ USGS MOC Mod~l is a u~ful tool for ~valuating 

diff~r~nt w~ll patt~rns in an aquif~r r~storation schem~ 
und~r varillbl~ hydrog~ologic conditions. Th~ b~st w~ll 
pan~rn for a ground·warer cleanup is highly site-specific 
and depends upon the obj~ctives and constraints for each 
problem. In this study, seven differenr well pauerns were 
inv~stigat~d to d~t~rmin~ th~ one(s) most efficient in 
achieving a range of desired levels of contaminant redL~tion. 
The well patterns w~re evaluated on th~ basis of cleanup 
time, volume of water circulated, and volume of water 
requiring treatment. Eight generic hydrogeologic conditi<)ns 
wcr~ modeled using different combinations of drawdown, 
hydraulic gradient. and dispcrsivity. Th~ key hydrog~ologic 
variables which control the rate of cleanup arc well loca· 
tions, pumping rates. transmissivity, dispersivity, and 
hydraulic gradient. For a given set of well locations, by 
varying transmissivity and maintaining drawdown, disper
sivity, and hydraulic gradient constant, the: cleanup time 
was found to be inversely related to the pumping rate. 

ll'qRODUCTION 
The question of whether a polluted aquifer 

can be restored and how best to proceed is depen
dent upon d)e hydrogeologic and geochemical 
properties of the aquifer and on the chemical and 
physical properties of the conLaminant (Konikow 
and ThorTlpson, 1984 ). Common restoration 
options typically considered include the following: 
(1) the no-action alternative which relies on natural 
attenuation and dilution after source removal; 
(2) ground-water pumping; ( 3) containment, either 

a H &: A of New York, 189 N. Water Sueet, Rochester, 
New York 14604. 

~Department of Envaroninental Science&: Enginc~ring, 
R1ct" l.Jnin:rsity. P.O. Box 1892. Housron. Texas 772 5 l . 

Recc:iv~d September 1987, revased February 1983, 
;accepted Februuy 1988. 

Discussion oo~n until J;anuary 1, 19~9. 

physical and/or hydraulic; (4} excavation and V 
removal of the contaminated parr of the aquifer; 
and (5) in situ biological or chemical treatment. 

Ground-water pumping is probably the most 
common .method employed for aquifer restoration. 
Reinjection of rreated water eliminates the 
potentially high cost of disposal and at the sarrre 
time accelerates the removal of contaminants by 
increasing the hydraulic gradient. In addition to 
providing hydrodynamic control to contain the 
contaminant plume to a specified area, the pumping 
and injection wells may play a more active role by 
delivering and removing chemical substances for an 
in siru treatment process or removing the contami
nant for surface treatment and reinjection. The 
general objective in a pumping and injection sch • 
is to create a ground-water divide or a capture zo~ 
which completely encompasses the con~minant 
plume. The key variables which control the 
efficiency of the withdrawal scheme and the size 
and shape of the capture zone depend upon the 
contaminant chemisrry, well locations, pumping 
rates, and the aquifer properties such as trans· 
missivi ty, dispersivity, ·and hydraulic gradient. 

This study simulates the removal of a non· 
reactive contaminant plume using different well 
configurations for several generic hydrogeologic 
conditions. Seven different weH patterns were 
studied to determine which well panern(s) is the 
most efficient in achieving a range of desired levels 
of concaminanr reduction. The cleanup objective . . 

was to reduce the maxi-mum contaminant concen· 
tration in the plume by a range of levels, up to 
99.995%, as quickly as possible, and at the sam~ 
time not allow any contaminant to migrate further 
than 50 feet from the initial downgradient edge of 
the plume. The well patterns were e\'aluated on the 
basis of cleanuo time. volume of water circulated, 



Jable 1. Different Generic Hydrogeologic 
Conditions Modeled 

GENERIC HYDROGEOLOGIC CONDITIONS 
Maaimum Hyd,.ulic Loncitudinal 

Condition Dnwdown c .. dienl Oispenivity 

A Hi1h • Low a Lowe 

8 Low• Low a Low. 

c Lows Low a Ha,t> a 

D Kt~h• Lowi Ha,t> a 

E Lows Hilh i Low a 

F Hiehs Hiehi Low. 

G H11h1 Harhi Hap a 

H Lows Hiehi Hach • 

Kirhs" s IOfl 
Lows=s5rt 
Kilh i = .008 ·. Low i ... 0008 
Hieha=30fl 
·-.a 10 rt 

'--/ 

and volume of water requiring treatment. Eight 
generic hydrogeologic conditions shown in Table 1 
were modeled using different combinations of 
drawdown, hydraulic gradient, and dispersivity. 

PREVIOUS WORK 
Analytical and numerical modeling are both 

comrr.only used to screen and evaluate different 
remedial options for aquifer restoration. Numerical 
:nodds are more flexible than analytical solutions 

ause complex boundary conditions with various 
v ·"'lbinations of pumping and injection wells can 
Gpproximated easily by arrangement of grid 
cells. Numerical techniques commonly employed 
for simulating ground-water transport inch,tde 
finite-difference and finite-element methods and 
the method of characteristics (MOC). The method 
of characteristics (MOC) is most useful when solute 
transport is dominated, by advective transport 
(Konikow and Bredehoeft, 1978), as in the case of 
most aquifer restoration schemes involving pumping 
and injection. The method of characteristics (MOC) 
also minimizes numerical dispersion, a problem 
plaguing many numerical methods. •· 

Many investigators have used numerical 
ground-water models as a tool in the design of 
aquifer restoration strategies because they provide 
a rapid means of predicting or a~sessing the effects 
of different remedial alternatives. Andersen et al. 
(1 984) used ~ finite-difference ground-water model 
as an aid in selecting a'l appropriate remedial action 
at the Lipari Landfill in New Jersey. Using a finite· 
element model, Tsai and Zielen ( 1985) compared 
six pumping schemes for withdrawal of ground 
\\•~tPT t"'nT'\t"\""~~..,,.._.,.l "'"~"'"h ..... -1....,-: .. ~ ·--~-·-- -· --

ammunitions plam in Nebraska. They found that 
extraction wells locared along the plume axis are 
more effective than pumping schemes with the , 
same number of wells located in groups over the· 
plume area. Althoff eta/. ( J 981) used a ground· 
water flow model to test a variety of well conf~
rations, well locations, and pumping rates for 
hydraulic capture of a 1 000-ft·long 1, 1,1-trichloro
ethane plume. Freeberg eta/. (1 987) delineated a 
trichloroethylene plume and used the USGS MOC 
Model to evaluate different withdrawal schemes at 
an industrial waste site. 1 

To select the best well configuration for a 
particular withdrawal scheme requires the ability 
to predict changes in flow and chemical concentra
tion in the aquifer for each possible management 
alternative (Konikow and Thompson, 1984 ). The 
best pumping arrangement at a field site is 
developed generally by a tedious trial and error . 
process (Glover, 1982). The trial and error approach 
suffers because it is inefficient; however, the 
heuristic knowledge gained by the user is invalu
able and allows the modeler to steadily improve on 
future trials. Alternatively, several investigators 
(Gorelick, 198 3. 1984, 1986; Molz and Bell, 1977; 
and Shafer, 1984) have demonstrated how linear or 
nonlinear programing (optimization techniques) 
can be combined with a ground-water transport 
model ro efficiently arrive at an optimal design 
strategy. 

NUMERICAL MODEL 
The USGS MOC Solute Transport Model 

(Konikow and Bredehoeft, 1978) is one of the 4 

most widely used 2-D ground-water transport 
models. The model computes changes in concentra· 
tion over time caused by the processes of advective 
transport, hydrodynamic dispersion, mixing (or 
dilution) from fluid sources, first-order decay, and 
equilibrium sorption-desorption. The model is well
suited for evaluating alternative pumping schemes 
because it is well-documenred,•has simple input/ 
output formats that can be modified easily, allows 
any number and arbitrary placement of injection 
and pumping wells, and has time-variable pumping 
periods. 

To simulare solure transport, the computer 
program solves two partial differential equations 
simultaneously using numerical methods. It uses 
an iterative alternating direction implicit (ADI) 
procedure to sol\'c a finite-difference approxima· 
tion to the ground-water flow equation, and it uses 
the method of characteristics (MOC) to solve the 
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PARAMETER SELECTION 

In order for rhe results of thts project to ha\T 
widespread applicability. Yalues for the ground
warer model parameters which describe the pollur· 
ant transport and withdrawal scheme need to be 
represeptative of actual field sites. The key vari- . 
abies are hydraulic conductivity, aquifer thickness, 
hydraulic gradient, dispersivity, drawdown, con
centration, plume shape and size, and well pattern. 

Hydraulic conductivity, K, is perhaps the 
most difficult parameter to assign at a hazardous 
waste site without a very detailed sampling pro
gram. In ground-water modeling, hydraulic con
ductivity is normally the most sensitive parameter. 
One of the reasons is that K can vary over a large 
range for a typical site (several orders of magni
tude). Hydraulic ::onductivity is embedded in the 
transmissivity term as required input for the USGS 
MOC ModeL The ratio of T xx /T yy allows specifica
tion of anisotropy. However, for the sake of appli
cability and ease of use, transmissivity is con
sidered homogeneous and isotropic for this analysis. 
Due to the wide range of values possible for K, it is 
impossible to assign a generic value. The hydraulic 
conductivity values initially selected for the study, 
10·5, 10"", 10-3, 10'2 , and 10-1 ft/sec (l ft/sec = 
30.48 em/sec) range from a typical silty sand 
aquifer to a gravel aquifer. 

The aquifer thickness, B, is a highly site
specific parameter and is dependent upon _the local 
stratigraphy and geologic structure. In contaminant 
transport, the aquifer thickness influences the 
opportunity for vertical dispersive mixing as the 
contaminant plume moves downgradient. During 
aquifQ" restoration, the maximum amo~.:nt that a 
well can pump is co~trained by the thickness of 
the aquifer. In this study, the aquifer thickness was 
set to a constant value of 10ft, a fairly typical 
value. The transmissivity term may be used to 
adjust for aquifer thlickness or hydraulic con
ducti\·ity. 

The hydraulic gradient is roughly equivalent 
in magnitude and direction to the topographic 
slope at a regional scale. At the scale of a site 
investigation, however, the hydraulic gradient may 
differ substantially due to man-made influences, 
including pumping wells and areas of enhanced 
recharge (landfills) (Guswa et al., 1984 ). Cleanup 
simulations were made with both a low (.0008) 
and a high (.008) background hydraulic gradient. 
The regional flow regime was incorporated into the 
model as two rows of parallel constant head 
boundaries at both ends of the 15 X 25 finite
difference grid used in the analysis. 

The dispersion coefficient, D, is an tmportant 
parameter because It controls the degree of 
spreading and dilution of a pollutant plume. The 
dispersion process results primarily frpm mechani· 
cal mixing, attributed to both hydrodynamic dis
persion, resulting from velocity variations in each 
pore channel, and macrodispersion, resulting from 
small-scale velocity variations due to variations in
hydraulic conductivity (Freeze and Cherry, 1979). 
Mechanical mixing is the dominant process at the 
relatively high velocities typically encountered in 
aquifer restoration schemes (Gillham, 1982 ). ·The 
molecular diffusion component becomes signifi
cant only when ground-water velocities are very 
slow. In the USGS MOC Model, the molecular 
diffusion term is neglected. 

Several investigators (Anders, ... ', 1979, 198V 
Pickens and Grisak. 1981) have noted that disper
sivity varies wirh the scale of the analysis. Until 
very recently, it was not clear whether the disper
sivity increases indefinitely with scale or reaches an 
asymptotic value as predicted by recent stochastic 
theories (Gelhar et al., 1985 ). Data obtained frOTn 
a contaminant plume over two miles in length '3t 

the Otis Air Fo:-ce Base at Cape Cod, ~assachusetts, 
indicate that the longitudinal dispersivity at this 
site asymptotically approaches a value of 1 m. The 
transverse dispersivity is 2% (0.02 m) of the longi
tudinal dispersivity (LeBlanc and Hess, 1987 ). At 
the Borden landfill in Canada, the asymptotic 
longitudinal dispersivity'after 1[.)38 days of travel 
approaches 0.5 m; however, asymptotic conditio:-.) 
were apparently not reached. The transverse dis
persivity is 10% (0.05 m) of the longitudinal dis
persivity and shows no increase in magnitude, 
analogous to the behavior of the longitudinal dis
persivity (Frey berg, 1986 ). 

Due to the difficulty in obtaining a detailed 
measure of the spatial variability of the aquifer and 
the long travel times associated with a contaminant 
plume, it is very difficult to obtain a good field 
measure of dispersivity. Gelhar eta/. (1985) pro· 
vide a critique of 55 reported field-scale disper· 
sivity tests. The most extensive study to date is a 
natural gradient field tracer experiment which used 
multilevel sampling at the Borden landfill site in 
Canada. Tr~nsverse and vertical dispersivity have 
been studied to a lesser degree than longirudinal 
dispersivity. In the current study both a high 
(3 0 f~) and a low (l 0 ft) longitudinal dispersivity 
were used in the simulations. In the USGS MOC 
Model, dispersivit}' is constant both temporally and 
spatially. A transverse dispersivity of 30% of the 
longitudinal dispersivity was used in rhe model and 
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1. Contaminant plume used in th~s study. 

..__-
may be slightly high based upon recent field 
studies. The values chosen for this study are within 
the range of field-reported values, and are used 
primarily for design purposes. 

In designing an aquifer cleanup operation, the 
selection of the number of pumping wells, dis
charge rates, and well locations is typically con
strained by the maximum allowable drawdown, 
which is governed by the saturated thickness. As 
many contaminated aquifers are located at shallow 
depths, the maximum allowable drawdowr) at the 
well should reflect these situations. In the model 
simulations, two setslof maximum allowable draw
down were used, a large drawdown (t;;;; 10ft) and a 
small drawdown (~ 5 ft), both of which are rela
tively large COflilpared to aquifer rhickness How
ever, since T = KB in the model, the cleanup results 
should be applicable over the range of parameter 
values selecred. 

The simulated contaminant plume used in rhis 
srudy (Fig'Ur~ 1) was created using a single injec
tion well. T:> 1>le 2 summarizes the aquifer charac-

teristics and source loading parameters used in 
creating the plume with the USGS MOC Model. 
The objective in creating this plume was not to 
match a known plume, bur rather to creare a 
plume having a typical tear-drop shape with a 
maximum dimensionless concentration of 1 000 
units. The shape of the actual plume is irrelavent 
since the analysis provides a general indication of 
the relative effectiveness of various withdrawal 
schemes under isotropic, homogeneous condition~ . 
The results of the various simulations should be 
used cautiously at any actual waste sites where 
heterogeneous conditions e_xist. Results are pre
sented with dimensionless concentration for wide-

. spread application . 

WELL PATTERNS 
There are many possible arrays or panerns in 

which to place ground-water wells. The seven 
different well patterns, shown in Figure 2, were 
evaluated for their effectiveness in remedial 
cleanup. The doublet, as in any production/ 
injection scheme, improves the flushing rare over 
that of a single production well because of the 
increased hydraulic gradient towards the produc
tion well. However.' the doubler also leads ro larger 
volumes of water requiring treatment with smaller 
concentrations. Under high gra~ients, the three
spot pattern may be superior to that of a doublet 
because of the hydraulic barrier created by the 
downgradient injection well. T-he downgradient 
recharge well could also provide a backup to the 
production well if the production well should fail. 
The five-spot well pattern is commonly used in the 

Table 2. Source Loading and Aquifer Characteristics 
for Creating the Initial Plume 

Parameter 

Well location 

lnJKtton ra I.e 

ConcentratiOn 

Pumping period 

Hydrauhc gradtent. 1 

Hydrauhc conductl\'11~. K 

Thtckness. b 

Longlludtnal d!Spt'r.l\'11~. a 1. 

Transver~ dtspt'rs•v•ty. a 
1

. 

Efl'ectt\'e porostt~·. n 

Value 

col = B. row= I 0 

0.25E-5 ft 3
/sec ( 1.6 gpd) 

15000 untls 

30 yr 

00008 

0.0001 ftJsec 

10 ft 

10 h 

3ft 

• Concentration can be any set of units. 
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Fig. 2. Well patterns used in this study. 

petroleum industry pan:icularly in secondary 
recovery by water flooding. 

· The double-cell hydraulic containment system 
(Wilson, 1984) consists of an inner cell and an 
outer recirculation cell using four wells along a line 
bis~cting the plume. The inner cell can be designed 
large enough to just capture the plume. The outer 
cell serves to create a steep hydraulic gradient 
through the plume by circulating a much larger 
volume of v.~ater than the inner ceiL The presence 
of the outer ceU redu~s the time required to 
capture the plume and the amount of water 
requiring treatment. The double-triangle pattern 
represents a modification of the double-cell 
hydraulic containment system. 

In both the single and centerline well 
parterns, there is no injection. In the other well 
patterns, the injection rate was set equal to the 
pumping rate so that the total volume of water 
withdrawn from the aquifer was reinjected back 
into the aquifer. In these analyses, the volume of 
water injected was always equally distributed 
among each injection well. 

.NUMERICAL SIMULATION PROCEDURE 
Hydrogeologic condition A (Table 1) was 

investigated first. Condition A has a drawdown of 
010: l 0 ft (high value), a hydraulic gradient of 0.0008 
(low \'alue), and a dispersi\·ity of J 0 ft (low value). 

A hydraulic conductivity, K of 10·• ft/sec was used 
in this first set of runs. The single well was the first 
pattern investigated. The pumping rate was esti
mated by using the Thiem equation. The approxi
mate length of time required for the simulation 
was determined using the seepage velocity. In order 
to narrow down the possible locations for the well, 
the capture zone and stagnation point were esti- · . ...: :.. 
mated using analytical equations. Once a wellloca- · 
tion and pumping rate were selected, a simulation 
with a very short pumping period (.001 yr) was 
made in order to observe the steady-state draw
down. The pumping rate was then adjusted 
accordingly to rneet the drawdown criteria, and a 
final computer run was made. 

Based upon nine observation wells or blocks 
in the model, the tiJl!-e required for the entire 
aquifer to attain a concentration at or below 
100.0, 10.0, J.O, 0.1, and< .05 units was noted. 
For each well pattern investigated, several addi
tional computer runs were made each rime varying 
the well locations. The computer run selected as 
the final one was abk to reduce the maximum COIJ· 

centration to< .05 units in the shortest time. Ti)is 
concentration represt.·,'lts a 99.995% concentration 
reduction from the source block (Csourcc>· 

RESULTS 
Well Location 

Cleanup time is a function of the velocity 
field which is governed by both the locations of 
wells with respect to the contaminant plume and 
the regional flow field. The resultant contaminant 
velocity is the sum of the velocity produced. by the 

· well the natural flow in the · 

near . 
m~. Ift~h~··well is-placed near the up-

side of the plume, contaminant flow 
toward the well would be countered by the high 
natural flow away from the well and contaminant 
may become trapped in a zone of low flow, or a 
stagnation area. 

Signific~nt differences in cleanup rime were 
observed using different well locations for a given 
well pattern. Table 3 illustrates the impact that a 
well location has on cleanup time for a single 
extraction well with a low hydraulic gradient. A 
so-foot difference in location added up (0 a year 
in the overall cleanup time. In this case. run 1 a 



was selected as final because it achieved a concen
rrat_ion of< .05 units in the shortest time. 

Water Requirements for Cleanup 
By select-ing the run with the shortest cleanup 

time, the volume of water requiring treatment is 
also minimized, although this may not be the 
absolute minimum volume of water necessary to 
achieve the cleanup .. In order to find the absolute 
minimum amount of water requiring treatment, it 
would be pecessary to create a perfect capture 
zone encompassing only the contaminant plume. 
By creating such an ideal capture zone, the cleanup 
time is increased significantly because of the lower 
pumping rates required. Jn this study, the with-
d al schemes focused on attaining i rapid 
clc-"~up through a pres_cribed maximum level of 
d0own, rather than the creation of a perfect 
caprure zone. 

Pumping rates can be computed that would 
be just large enough to capture a plume for a single 
and doublet well configuration. Figure 3 shows 
two c~pture zones. computed for a single well at 
two different flow rates. Two important points are 
illustrated in this Figure 3. First, to completely 
remove the contaminant plume, the extraction well 
will have to accept some uncontaminated water 
from upgr3;dient. Using the outer capture zone in 
Figure 3, there are approximately 26 cells con· 
taining zero contaminant that would be accepted 
in•-. the well before the last of the contaminant is 

I 

"-table 3. Effect of Well Location on Cleanup Time 

WELL~ATION CLEANUP TIME 

t.cJI,row 
-: 

8 12 

8 13 

8 14 

Q.=0.012 c:fs 
s= s 10ft 
i=O.OOOS 

C-JC.-

1.0 
0.1 
0.01 
0.001 
0.0001 

<0.00005 

•. o 
0.1 
0.01 
0.001 
0.0001 

<0.00005 

1.0 
0.1 
0.01 
0.001 
0.0001 

<0.00005 

Long. dispersivily. a 1= 10ft 
K=O.OOOl fV~o~e 
b= 10ft 

time(yr) 

' 
0.0 
0.54 
1.45 
2.52 
3.36 
3.96 

0.0 
0.60 
1.32 
2.04 
2.78 
3.19 

0.0 
1.10 
1.88 
2.73 
3.53 

>4.00 

run A 
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Fig. 3. Single-well capture zones for different pump.ing rates. 

withdrawn. This results in a minimum of 1.5 pore 
·volumes being treated. Second, the use of a finer 
grid ~pacing may help because the ground-water 
divide bisects several contaminated grid cells. 

Low Gradient Cases 
Under hydrogeolog~c condition A (Table 1 ), 

all of the cleanup schemes were simulated and 
results are given in Figure 4. In terms of final 
cleanup time (time required for the entire aquifer 
to achien:- J relative concentr~rion of< .00005). 
the panern with the greatest number of wells, 
double-triangle, takes the least time, but the 
difference (.07 yr) between the double-triangle and 
doublc·cell is insignificant (Figure 4 ). Overall, the 
double-cell pattern is most effective in terms of 
cleanup time. The single well takes the most time 
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Fig. 4. Comparison of relative concentrations vs. cleanup 
time for various well patterns-condition A. 

to an.ain the final cleanup criteria. Results for the 
five-spot well pattern were discouraging, bur the 
poor performance is attributed to the limited 
hydraulic ben.efits of only four injection wells. Jn 
the petroleum industry, multiple five-spot patterns 
are employed which result in an equal number of 
production and injection wells. 

~ ~ · . " ' This results from the steeper 
gradient created by the injection wells. 

The benefits of a decreased cleanup time using 
injection wells are countered by an increase in the 

:.~!';.~·fl-f.\¥~t_er.~i!~l~J~;EitaJf.:t§:cili~ 
.:JE!Y s~nr d1UeW?,~~l!l ~~~an~Jl.lf'~ . .,~ 
.. ~~pg.~~:~•ff.q~Widi.IDJCCttoil wells at 
\~ g~~si_Vity of 1 o-1i.ft'2/sec. 

Determining the diost effective well pattern 
for a ground-water cleanup is highly site-specific, 
md is greatly affected by spatial heterogeneity. 
Such factors as contaminant concentration, treat
ment process, size of treatmeut faciliry, mainte
nance, pumping costs, sampling, and monitoring, 
to name a few, need to be evaluated. Based upon 
the resul\s obtained in this study, the three-spot, 
doublet, and double-cell appear to be the most 
promising well patterns for a high drawdown, low 
hydraulic gradient, and low aquifer dispersivity. 
These well patterns minimize the total volume of 
water circulated, volume of water treated 
(Figure 5 ), and cleanup time. The. double-cell is the 
most efficient well pattern for achieving up to a 
99.9% ·reduction in contaminant concentration. 
Beyond this level, the volume of water circulated 
using the double-cell increases significantly. 

Under hydrogeologic condition B (Table 1 ), 

Hogh 0. Low i. Low Oisp 

Fig. 5. Comparison of relative concentrations vs. volume of 
water treated for varjous well patterns-condition A. 

the single, doublet, and double-triangle patterns V 
were simulated using the same well locations that 
were used in condition A. The only difference 
between condition A and condition B is the smaller 
drawdown under condition B. In order to achieve a 
maximum drawdown of< 5 ft, the pumping rates 
used in condition A were decreased by 50%. 
Cleanup times increased to almost exactly twice . · 
that of the cleanup times in condition A. Based 
upon this finding, Figure 4, showing relative con
centration versus cleanup time for condition A, is 
applicable to condition B if the time (abscissa) is 
multiplied by a factor of two. Figure 5, showing 
relative concentration versus volume of water 
treated, is applicable as is because the increase in 
cleanup time is exactly canceled out by the 
decrease in pumping rate so that the volume of , _ _) 
water is identical . 

The double-triangle pattern was tested under 
hydrogeologic condition C. Final cleanup time 
increased fourfold compared to condition A due to 
the lower drawdown used with the higher aquifer 
dispersivity for condition C. With the same well 
locations as condition A, the doublet and double
triangle patterns were simulated under hydro
geologic condition D. As a result of the large 
amount of dispersive mixing during early times i.1 
condition D (a = 30 ft), less time was required to 
achieve a 900AI reduction in contaminant concentra
tion than with the lower dispersivity (a = 1 0 ft) 
used in condition A. However, increasingly longer 
times than required for'condition A were needed 
to achieve any further reductions in concentration 
as shown in Table 4. Under hydrogeologic condi
tion C, attaining a 99.995% reduction in concen
tration takes about twice as long as condition A. 

A detailed analysis of the mass rate of 
remO\·al versus well patterns was completed and 



yielded re~ults similar to the concenrration cleanup 
curves This analysis did not provide any f1.1rther 
insight into efficiency of the well patterniinef was 
not continued for the high gradient cases. 

High Gradient Cases 
The effect of a high hydraulic gradient (.008) 

is illustrated in Table 5, which compares final 
cleanup time and the number of pore volumes 
treated for condition E and condition B Oow s, 
low i. low a}. With a higher hydraulic gradient, 
more time and additional pore volumes are 
required to achieve final cleanup than with the 
lower hydraulic gradient. The double-triangle weU 
p: ·n is an exception. The hydrauliC'gradient has 
no .c'ect upon the double-triangle pattern because 
the.....Aw regime is so strongly dominated by the 
weU ficJd. The doublet which performs very well 
under low hydraulic gradient conditions is ineffec
tive under a high hydraulic gradient. 

The three-spot is the preferred well pattern 
under hydrogeologic condition E. Constrained by 
the maximum allowable drawdown, containing the 
contaminant plume under this high hydraulic 
gradient is difficult. The downgradient injection 
well in the three-spot, however, provides for a 
distinct advantage over the other well patterns. The 
three-spot pattern requires the least volume of 
water for treatment (Figure 7) and is second to the 
dc·-··..,le-triangle in cleanup time (Figure 6). Under 
h} Jg~!ologic condition F, the centerline. three
sp\.._.,lld doublet well patterns were simulated 
using the well locations optimized· under condition 
E. Pumping rates were increased 100% in order to 
attain twice the drawdown of condition E. With 
the higher pumping rates, cleanup times decreased 
by approximately 60%. It 1s interesting to note 
that with a low hydraulic gradient, doubling the 
pumping rates decreased 'cleanup times by 50%. 
This result suggests that the hydrodynamic disper
;ion mechanism of contaminant transport. is signifi
:ant at higher velocities. Figure 6 shows relative 
:oncentration versus cleanup time for colf!dition E 
md is applicable under condition F if the time 
;abscissa) is multiplied by a factor of 0.6. Figure 7, 
mowing relative concentration versus volume of 
.vater pumped, is applicable to hydrogeologic con
:iitio·n F if the volume of water (abscissa) is 
nultiplied by 1:2. 

The single, doublet, and three-spot well 
latterns were simulated under hydrogeologic 
:ondit:on G. Because of the higher dispersivity, a 
:hange in the well locations from those used in 
·ondition E for both the single and doublet patterns 

Table 4. Effect of Dispersivity on Cleanup Time 

EFFECT OF OISPI:;"SI\:1n· ON CLEANUP TIME 
'. \.;·. 

H7d....-locic 
C.adilion P•-m 

Cleanup lime ()'rl ror vllriou• ~<.:-- · 
.I .01 .001 .0001 <.uuuu:> 

A (Low Disp.l Do11blet 0.69 1.14 1.59 1.15 2.22 

0.63 1.36 2.22 3.$0 4.31 

A (Low Disp.J Do11ble Tnaftlle 0. 78 1.11 U2 1.12 2.01 

D(}lich Disp.) DoubltTrinrle 0.46 0.95 1.71 2.87 4.<12 

HJ'I~ Conclot10n A · Ho1h s. Low 1. Low a 

HJ'Iroeeo• CondoLion D · Ho1h s. Low i. H;,h a 

Table 5. Effect of Hydraulic Gnldient on Cleanup Schemes 

EFFECT OF HYDRAULIC GRADIENT ON nNAL CLEAN\JP 

Cleanup time in yean (1/1 or pore voiUBIH) 

H:rd.....-locic H~ .. ..a..K 
Conclition B Coatlldoa E 
Low,....int Hirh,....ieat 

P•nern time(P.V.) lime(P.V.) 

Slftllt 6.1613.21 6.63 (3.6) 

cen~erhnt 4.80(3.61 5.18(3.8) 

doublet 4.44(2.7) 5.75 (3.6) 

3-spot 4.28 (2.7) 4.75 (3.1) 

kpot 4.96(3.4) 5.54 (4.1) 

do11ble-cell 4.30(3.4) 4.13 (3.7) 

doublt lriaftlle 4.16(4.4) 4.15(.'-3) 
I i 

P.\'. = N11mbn or Pore Vol- Jl.quiriJII T.-.\ment 

J HJ'Iropololfl< Conclttion B ·Low 1. Low i Low • 
HJ'Iropoioc>< Condition E • Low •· Hirb i. Low • 

Low 0. Hogh '· Low OosD 

oooo ,_.":c,----, ,~---=l-:-.~--.,.,l.£:----:c._~~---~:-':o:----:-~.-:-o-~7.0 
,, .. c~J 

Fig. 6. Comparison of relative con~ntrations vs. deanup 
time for nrious well oanerns-condition B. 

I 



:• was necessary to contain the plume. To achieve 90% 
reductions in c;onraminant concentrations with both 
the single well and the doublet took approximately 
40% of the times required under condition E. To 
achieve 99.995% reductions (final cleanup) took 
90% of the .times in condition E. The well locations 
for the th~e-spot·were the same as those used in 
conditionE, and achieving 99.99% and 99.995% 
reductions required the same amount of time as 
the same pattern in condition E, which is still less 
than the time required for either the single or 
doublet patterns. 

All the well patterns, except for the double
cell and five-spot, were simulated using various well 
locations under hydrogeologic condition H. None 
of the withdrawal schemes were successful in con
taining the pollutant plume. With each well pattern, 
high concentrations of contaminant were observed 
in observation block (8, 20) located SO feet from 
the downgradient edge of the initial plume. 

linearity Effects 
For a given withdrawal scheme, by varying 

transmissivity and maintaining one of the sets of 
hydrogeologic conditions (Table 1) as constant, the 
cleanup time was found to be inversely related to 
the pumping rate. For example, to achieve a 
dimensionless concentration of< 100.0 in an 
aquifer for a given hydrogeologic condition (Base 
Run) takes one year. Maintaining the same cone of 
depression, hydraulic gradient, and aquifer 
dispersivity as the Base Run and decreasing the 
transmissivity tenfold, the required pumping rate 
will be decreased tenfold according to the Thiem 
equation. It was observed that the cleanup time 
increases'exactly tenfold from one year to ten 
years. Also, the areal d:5tribution of the contami
nant plume after ten years is exactly identical to 

f 

Low 0. Hi(lh i. Low Oisp. 
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Fig. 7. Comp•ison of relative concentrations vs. volume of 
water treated for various well patterns-condition B. 

I 

TIME : 1 YEAR (Base Run) 

Time : 10 yr. 

Transmissivity: 10.
3 tt2 /sec 

Pumping rate : 1 cfs • 
Orawdown: 10 feet 
Hydraulic Gradient ·: .001 
Dispersivity : 1 0 feet 

• 
T 

0 .. • 4 2 
ransm•ss•v•ty : 1 o ft /sec 

Pumping rate : 0.1 cfs 
Orawdown : 1 0 feet 
Hydraulic Gradient : 0.001 
Oispersivity : 1 0 feet 

Fig. 8. Effect of linearity on a plume cleanup. 

the contaminant plume with the higher trans· 
missiviry at one year (Base Run). Dispersion has 
minimal effects. Figure 8 illustrates the linearity 
effect on a plume cleanup. This fmding can be 

su~marized by the follo~ng observatioini: :111~ 

This finding has been verified by the Wilson 
Miller (1978) 2-D analytical solution of the . 
advection-dispersion equation. 

In the absence of geochemical reactions, 
variations in concentration over time are the result 
of the processes of advection and dispersion. By 
varying transmissivities, the advection term changes; 
however, the flow field remains unchanged. The 
solute particles are advected along the same 
identical flow paths but are displaced in time 
corresponding to the change in transmissivity. 
Transport due to dispersion is affected in a similar 
way. In Figure 8, the amount of dispersion after 
one year is reduced from that of the Base Run, 

. corresponding to the tenfold decrease in vdocity. 
After ten years, the amount of dispersion in the 
lower transmissivity run is equal to that of the 
Base Run. 

Figure 9 illustrates an application of the 
linearity to a three-spot withdrawal scheme. Ea'ch 
concentration versus cleanup time curve corre
sponds to an aquifer havinll a transmissivitY 

J 



liffering by a factor of ten. To maintain the same 
one of depression in each aquifer, the pumping 
3tes differ by a factor of ten. The time required 
.., attain the same desired ·level of cleanup in each 
.;uifer is displaced exactly by a factor of ten and 
, inversely proportional to the pumping rate. 

As a result of the linearity effect, a single 
alue for transmissivity (1 o-3 ft 2/sec) was used in 
he simulations instead of making a computer run 
or each cleanup scheme for each value of trans· 
1issivity. Results for a withdrawal scheme under a 
iven set of hydrogeologic conditions (Table 1) can 
:· extrapolated to an aquifer havil)g any value of 
·ansmissivity. For example, Figures 4 and 6 
'lO · g relative concentration versus ti!Jle, can be 
xw ... olated to any value of transmissivity T• by 
lUl\.........-ying the abscissa by 1 0"3 (ft2/sec)/T•. This 
tanipulation req\lires that the same hydrogeologic 
onditions-drawdown, hydraulic gradient, and 
quifer dispersivity-be maintained. Similarly. 
:gures 4 and 6 can be extrapolated to any trans· 
.tssivity under hydrogeologic conditions Band F, 
·the abscissa is first multiplied by a factor of 2 or 
.6, respectively. Figures 5 and 7, showing relative 
~ncen:ration versus volume of water pumped, are 
~plicable to an aquifer with any value of trans· 
•issivity and require no manipulation. Figure 5 is 
:>plicable asjs for application to hydrogeolog~c 
-,dition B. For application to hydrogeologic 
Jflc!ition F, the abscissa in Figure 7 needs to be 

1U _ ie~,_,bU~· ........•. ~ . 
"'tr"'!Ohif .. ~ nc~· '· · ··:linear:ievd.$iblc~· ·wi 

hj~~i~-~;-~e~--~-t~ar~;,~\i~f~oj1 -~f/"~ned ~s m~ y~{o,C}t).'. of Solute: d.JVJdcd. _bf."-· 
'le average linear veiodey ohhc"grollnaowit'a-!" -: 
his retardation factor can be ~sed.to estf~~i~ the 
'!anup time for an adsorbed species by multiply· 
1g the abscissa by RF in Figures 4 and 6, assuming 
:>other complicating processes exist. 

CONCLUSIONS AND RECOMMENDATIONS 
The best well pattern for a ground-water 

eanup is highly site-specific and depends .upon 
c objectives and constraints for each problem. 
.t key hydrogeologic ..Atriables which control the 
te of cleanup are w=lllocations, pumping rates, 
ansmissivity_ dispersi\•ity, and hydraulic gradient. 
or a given set of ~·ell locations, by varying trans· 
issivity and maintaining drawdO\\-·n. dispersi\·ity. 
•d hydraulic gradient constant, the· cleanup time 
H found to be inversely related to the pumping ... 

' 

Seven well patterns were evaluated under 
: f~rent common hvdroP"eoloP"ic condition~; nn rht> 
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Fig. 9. Application of linearity to_. thre•spot withdrawal 
scheme. 

basis of cleanup time, volume of water circulated, 
and volume of water requiring treatment. The 
following conclusions can be drawn from the 
analysis: (I) Significant differences in cleanup time 
were observed using different well locations for a 
given well pattern. Selecting the well locations with 
the shortest cleanup time also minimizes the 
volume of water requiring treatment. (2) The 
three-spot, doublet, and double-cell well patterns 
are effective under low hydraulic gradient condi
tions. These well patterns minimize cleanup time, 
volume of water circulated and volume of water 
treated. These well patterns require on-site treat
ment and reinjection. (3) The three-spot performed 
better than any of the other well 'patterns studied 
under a high hydraulic gradient, high drawdown, 
and either a low or a high dispersivity. (4) None of 
the well patterns investigated were able to contain 
and clean up the contaminant plume under a high 
gradient, low drawdown, and high dispersivity. 
(S) The centerline well pattern is effective in 
achieving up to a 99% level of contaminant reduc
tion under both low and high gradient conditions, 
but may present a water disposal problem. (6) The 
"five-spot well pattern performed poorly in this 
study. 

Based on this study and conclusions, it is 
recommended that the three-spot well pattern be 
considered in the design of an aquifer restoration 
scheme. When dealing with other sites and 
different plume sizes and shapes and other com
plexities including cleanup criteria, constraints, and 
heterogeneous flow fields, these l'esults may not be 
applicable and other well patterns should be 
investigated. In situations where cleanup time is of 
paramount importance, a combination of the 
double-triangle and centerline well patterns may be 
,.,...n, ,.((_,.. .. ;,,,. 
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Alternative No. 3b · 
Thermal Desorption (10-5) 

Item 
No. Description 

1.0 Mobilization 

2.0 

3.0 

1. I Equipment 
1.2 Utilities 
1.3 Permits 
J .4 Decon Facilities 
J .5 Air Monitoring 
1.6 Personnel Training 
1. 7 Photographs 
J .8 Project Signs 
1.9 Fencing 
1. J 0 Monitoring • Wells 
1.11 Ground-water Sampling 

Equipment 
1.12 Site Office 

I. I 3 Total Mobilization 

61u:rn~~~ Water SuQQiv 

2.1 Water line, 8-inch 
2.2 Residential Service 
2.3 p Rep:~ving 

2.4 Total Alternate Water Supply 

QrQund-Wat~r MQnitQring 

3.) Sampling, twice yearly, 8 wells 
3.2 Lab Analyses/Sampling Period 

Caoita! Costs 
Unit 

Quantity CQu 

6 months 
6 months 
1 each 
6 months 
6 months 
10 each 
6 months 
200 each 
8,650 LF 
3 each 
I LS 

6 months 

3500 LF 
15 each 
3500 LF 

$ 4,000 
1,000 

10,000 
2,500 
2,000 

800 
200 

10 
8.50 

10,000 
1,500 

1,200 

17.80 
620 

4 

- J 6 well samples, 4 QA samples 
- VOCs, SVOCs, and inorganics 

3.3 Yearly monitoring report 
3.4 Five-year risk anl!lysis 
3.5 Project Administration 

3.6 Total Ci.iround-Water Monitoring 

17683,026.10 - AE 
0715091690 l-10 

.... , 

Herding t..wson Auoc111M 

Item 
cw 

$24,000 
6,000 . 

10,000 . 
15,000 
12,000 
8,000 
1,200 
2,000 

73,500 
30,000 

1,500 

7.200 

$190,400 

62,300 
9,300 

14.000 

$ 85,600 

Annual 
_Qzn_ 

s 1,600 

1,000 
4,000 

--
s 6,600 

4,000 
2,000 

$ 6,000 

20,000 
48,000 

2.0.000 
50,000 
96.000 

$234,000 

. ~ i ·: 

; .4 : ~ 
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Harding Lewson Associates 

Alternative No. 3b .. . :.:· .. :-:~ 

Thermal Desorption (J0- 5) 
.. 

(Continued) ~·-·· . -:- .. 

Ca12ital CQ~t~ . ~- ~ ~;. !;i;r·:. 
Item Unit Item Annual . ,, ... -~ .b#~~~;...~ 

Ng. Oescriotion Quantity CQ.n C2it ..em. ~ ~ .-.~~-~-;--~ 

4.0 Th~rmal Oe~QrQtiQn 

4.1 Mobilization/Demobilization 1 each 50,000 50,000 I":L 

4.2 Excavation 8600 CY 10 86,000 
4.3 Feed Preparation 8600 CY so 430,000 
4.4 Thermal Desorption 8600 CY 200 1,72Q,OOO 
4.5 Total Thermal Desorption $ 2,286,000 

'.._/ 

5.0 Offsite Disoosal 

5.1 Includes gate fee, tax, and 19,200 ton 200 3.840,000 
250 miles transportation 

5.2 Total Offsite Disposal $ 3,840,000 

6.0 Soil Cover 

6.1 Grading/Backfill 3700 CY· 4 14,800 
6.2 Import Fill 1100 CY 12 13,200 
6,.3 Backfill/Compaction 8600 CY 8 68,800 
6:4 Hydroseed, mulching 0.8 AC $ 2,500 2,000 
6.6 Irrigate 10 weeks 400 4.QQQ .. ~~ ... ~.:. . -- --~· 
6.7 Total Soil Cover $ 102,800 

'-...-! 6.8 Maintenance (I 0%) $ ID,280 

7.0 Demobilization 
I 

7.1 Site Restoration J each 25,000 
7.2 Administrative Close-Out l each ~.QQQ 
7.3 Total Demobilization $ 30,000 

I 

Subtotal Capital Costs $6,504,800 

Total Annual Costs $256.800 

Engineering and Desig"n ( 12%) 780,600 
Construction Managemerat ( 10%) 650,500 
Pilot Studies (6%) 390,300 
Contingency (30%) 1,951.500 

Total (3pit:tl Costs ilQ 13001Q00 

!7683 O:!G JO · At: 
····:r.,.·.:c-···•1 L-11 
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Alrernarive No. 3b 
Thermal Desorption (10-5) 

(Continued) 

Present-Worth Analysis: PW .. FV [(I - i)nrl 

a • S percent 

n = 30, S 

n = 30 years 

PW • $10,300,000 + $206,900 (P/A 5,30) + $50,000 .(P/F 5,5) 
PW • SI0,300,000 + $206,900 (15.372) + SSO,OOO (2.'782) 
PW • Sl~,600,000 

n = 5 years 

PW • $10,300,000 + $206,900 (P/A, 5,5) + $50,000 (P/F 5,5) 
PW • $10,300,000 + $206,900 (4.329) + $50,000 (0.7835) 
PW • SJ 1,200,000 

r 

Note: Actual costs may vary from -30 to +50 percent of values presented based on uncertainties 
in rate and cost factors. Additional variations in .costs may also be realized based on 
uncertainties related to estimates of volume or area. Verification sampling conducted 
during the remedial design phase will be necessary to refine these estimates. 

17683,026.10 • AE 
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Ahernative No Jb 
Thermal Desorption (10.4 ) 

Caai1al CQ~t~ 
.tem Unit 
~ DescriPtion Quantity f C2ll I 

0 M2biliuli2D 

1.1 Equipment 6 months s 4,000 
1.2 Utilities 6 months 1,000 

Permits 1 each 10,000 
.... ~ Decon Facilities 6 months 2,500 
. - Air Monitoring 6 months 2,000 

'-.4 Personnel Training 10 each 800 
1.7 Photog~aphs 6 months 200 
1.8 Project Signs 200 each 10 
1.9 Fencing 8,650 LF 8.50 
1.10 Monitoring Wells 3 each 10,000 
l.Jl Ground-water Sampling 1 LS 1,500 

Equipment 
1.12 Site Office 6 months 1,200 

1.13 Total Mobilization 

.0 Alt~rnat~ Wim:r Sl.!aab: • 
2.1 Water line, 8-inch 3500 LF 17.80 
.., 2 Residential Service 15 each 620 

3 Repaving 3500 LF 4 

._.... Total Alternate Water Supply 

.0 Ground- Water Monitoring 

3.1 Sampling, twice yearly, 8 wells 
3.2 Lab Analyses/Sampling Period 

- 16 well samples, 4 QA samples 
- VOCs. SVOCs. and inorganics 

3.3 Yearly monitoring report 
3.4 Five-year risk analysis 
3.5 Project Adminislration 

3.6 Total Ground- Water Monitori·ng · 

~683,026.10 - .,.E 
-:5091690 L-7 

Harding Lawson Aaaoclat.s 

-~-
. ·1:' 

Item Annual 
~- ~l· 

~ ~ .. ,. :,.. ~ 

;Jl 
s 24,000 I 6,000 

10,000 
15,000 : ll: 
12,000 
8,000 s 1,600 I 

1,200 . ' 
2,000 . ! .. 

73,500 1,000 .. 
30,000 4,000 . 

1,500 

7.200 

$190,400 s 6,600 ,> ,, 
}~ 

~ 62,300 4,000 . . 
9,300 2,000 :, .. 

14.000 .--
$ 85,600 s 6,000 

I 

20,000 
48,000 

20,000 
50,000 
96.000 

$234,300 



·< 

Harding a.aw.on Auoc:letes 

Alternative No. 3b 
Thermal Desorption (10-") 

(Continued) • 
Cal2ital CQ~t~ 

Item 
No. Descri12tion 

4.0 Thermal DesomtiQn 

4.1 Mobilization/Demobilization 
4.2 Excavation 
4.3 Feed Preparation 
4.4 Thermal Desorption 
4.5 Total Thermal Desorption 

s.o Offsite Disoosal 

5.1 Includes gate fee, tax. and 
250 miles transportation 

5.2 Total Offsite Disposal 

6.0 Soil Cover 

6.1 Grading/Backfill 
6.2 Import FiJI 
6.3 Backfill/Compaction 
6.4 Hydroseed, mulching 
6.6 Irrigate 

6.7 
1 
Total Soil Cover 

6.8 Maintenance (10%) 

7.0 Demobilization 
• 

7.1 Site Restoration 
7.2 Administrative Close-0ut 
7.3 Total Demobilization 

Subtotal Capital Costs 

Total Annual Costs 

Engineering and Design (12%) 
Construction Management (I 0%) 
Pilot Studies (6%) 
Contingency (30%) 

Total Capital Com 

17683,026.10 - AE 
0715091690 

Unit Item Annual 
Ouaotity C2n C2U ~ 

I each 50,000 50,000 
4800 CY 10 48,000 
4800 CY so 240,()90 
4800 CY 200 26Q.OOO 

s 1,298.000 

11,000 ton 200 ~.~QQ.QQQ 

s 2,200,000 

3100 CY 4 12,400 
I 100 CY 12 13,200 
5800 CY 8 46,400 
0.8 AC s 2,500 2,000 
10 weeks 400 4.QQQ 

s 78,000 
s 7,800 

I each 25,000 
I each ~.QQO 

s 30,000 

$1,682,100 

$254.400 

462,200 
385,200 
231,100 

1.155,600 

~6.086.200 

L-8 
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Alternative No. 3b 
Thermal Desorption (10-•) 

(Continued) 

Harding Lnwson ~· 

Present-Worth Analysjs: PW = FV [(I - j)nrl 

1 • 5 percent 

n • 30, 5 

·."----" 

17683,026.10 I AE 
071S091690 

n = 30 years 

PW • $6,086,200 + $204,400 (P/A 5,30) + $50,000 (P/F '5,30) 
PW • $6,086,200 + $204,400 (15.372) + $50,000 (2,782) 
~w - S9,400,ooo 

n = 5 years 

PW c $6,086,200 + $204.~00 (PI A, 5,5) + $50,000 (P /F 5,5) 
PW • $6,086,200 + $204,400 (4,329) + $50,000 (0,7835) 
PW = S7 ,010,200 

L-9 
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Alternative No, 2a 
Soil Cover (10" 5, 10"6)• 

rem 
~ Description 

) Mobilization 

1:1 Equipment 
1.2 Utilities 

"\ Permits ., ... Decon Facilities 
1.5 Air Monitoring 
1.6 Personnel Training 
1.7 Photographs 
1.8 Project Signs 
1.9 Fencing I 

1.10 Monitoring Wells 
1.11 Ground-water Sampling 

EquipmeRt 
1.12 Site Office 

l.t3 Total Mobilization 

Altprnat~ Water Supply 

2.1 Water Line, 8-inch 
~-"2 Residential Services 

) Repaving 
2.4 Hydrant 

2.5 Total Alternate Water Supply 

Ground- Water Monitoring 

·. 

3.1 Sampling, twice ye,rly. 8 wells 
3.2 Lab Analyses/Sampling Period 

Capital Costs 
Unit 

Quantity Qm 

2 months 
2 months 
0 each 
2 months 
2 months 
5 each 
2 months 
200 each 
8,650 LF 
3 each 
I LS 

2 months 

3,500 LF 
15 ea. 
3,500 LF 
I 

$ 4,000 
1,000 

0 
2,500 
2,000 

800 
200 

10 
8.50 

10,000 
1,500 

1,200 

17.80 
620 
4.00 
750 

- 16 well samples, 4 QA samples 
- VOCs, SVOCs, and· inorganics 

3.3 Yearly monitoring report 
3.4 Five-year risk analysis 
3.5 Project Administration 

I 

3.6 Total Ground-Water Monitoring 

·83,026.10 - AE 
5091690 L-5 

Harding U..on AsaocWtes 

Item 
C2n 

s 8,000 
2,000 

0 
5,000 
4,000 
4,000 

400 
2,000 

73,500 
30,000 

1,500 

2.400 

$132,800 

62,300 
9,300 

14,000 
___liQ 

s 86,400 

Annual 
_CQn_ 

s 1,000 

1,600 

1,000 
4,000 

s 7,600 

4,000 
2,000 

$ 6,000 

20,000 
48,000 

20,000 
50,000 
96.000 

$~34,000 

. ~ ' 
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i 
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. Alternative No. 2a 
Soil Cover oo-5, 10"6)• 

(Continued) 
Caoital Costs 

tern Unit Item Annual 
~ DescriPtion Quantity C2n C2.U ~ 

) Soil Cover 

4.1 Clear and Strip 
4.2 Grading 
4.3 Import Fill 
· 4 Backfill/Compaction 
.,.) Hydroseed, mulching 
6 Irrigate 

4.7 Total Soil Cover 
4.8 Maintenance (10%) 

Subtotal Capital Costs 

3700 SY 
3700 SY 
1100 CY 
3700 SY 
0.8 AC 
10 weeks 

I 
4 

12 
8 

s 2,500 
400 

3,700 
14,800 
13,200 
29,600 

2,000 
4.000 

s 67,300 

$286,500 

$ 6,730 

Total Annual Costs $254.300 

Engineering and Design (12%) 
Construction Management (I 0%) 
Contingency {30%) 

T<_>tal Capital Costs 

Present-Worth Analysis: PW - FV ({I - i)0 r 1 

1 = 5 percent 

·'"--"' n "" 5, 30 

n = 30 years 

34,380 
28,650 
86.000 

$435,400 

PW = $435,400 + $204,300 (P/A 5,30) + $50,000 (P/F 5,30) 
PW • $435,400 + $204,300 (15.372) + $50,000 (2.782) 
PW • $3,715,500 

n = 5 ~ears 

PW • $435,400 + $204,300 (P/A 5,5) + $50,000 (P/F 5,5) 
PW • $435,400 .f $204,300 (4.329) + $50,000 (0.7835) 
PW .. $1,360,000 .. 

10'5 and 10'6 costs are identical because a differential in the quantity of material to be treated 
cannot be distinguished at this time. Upon veritication sampling, a differential may be 
observed in which case these costs should be revised. 

:ores: Actual costs may vary from -30 to +50 percent of values presented based on 
uncert:)inties in rate and cost factors. Additional variations in costs may also be realized 
based on uncertainties related to estimates of volume or area. Verification sampling 
conducted during the remedial design phase wjJ} be necessary to refine these estim<ltes. 

~683,0:!S.l0 • AE 
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Alternative No. I 
No Further Action (I o-4_ I0-5• I o-6 ) 

Item 
NQ. D~s~ri12tion Quintit~ 

1.0 MQI2ili~;UiQD 

1.1 Equipment I month 
1.2 Utilities I month 
1.3 Permits 0 each 
1.4 Decon Facilities I month 
1.5 Air Monitoring I month 
1.6 Personnel Training 2 each 
1.7 Photographs I month 
1.8 Project Signs 200 each 
1.9 Fencing 8,650 LF 
J.IO Monitoring Wells 3 each 
J.ll Ground-water Sampling I LS 

Equipment 
1.12 Site Office I month 

1.13 Total Mobilization 

2.0 GrQung-Wat~r MQnitQrjgg 

2.1 ·Sampling, twice yearly. 8 wells 
2.2 Lab Analyses/Sampli~g Period 

- 16 well samples. 4 QA samples 
- VOCs. SVOCs, and inorganics 

2.3 Yearly monitoring report 
2.4 Five year risk analysis 
2.5 Project Administration 

I 

2.6 Total Ground-Water Monitoring 

Subtotal Capital Costs 

Total Annual Costs I" 

Engineering and Design ( 12%) 
Construction Management (I 0%) 
Conting.ency (30%) 

Total Capital Costs 

!7683,026.10- AE 
OiJS091690 L-1 

'a12it1.l Co~t~ 
Unit 
C2ll 

s 4,000 
1,000 

0 
2,500 
2,000 

800 
200 

10 
8.50 

10,000 
1,500 

1,200 

Herding Lawson Auoc:letn 

I 

Item Annual 
Q2ll ~ 

s 4,000 ~ 

1,000 s 1,000 
0 

2,500 ~ 2,000 ·! .. 
1,600 1,600 v II 

!, 
200 

n 2,000 
73,500 1,000 

-l!: 30,000 4,000 
1,500 

1.200 

$119,500 $ 7,600 ) , , 
II 
4 c 
) 

20,000 • 48,000 

20,000 .._~· 

50,000 
72.000 

$210,000 

$119,500 

$217.600 

14,340 
11,950 

s 35.900 

~181JOO 



Harding a.-on Aaoctates 

Item 
No. 

Alternative N~. l 
No Further Action (10-. l0- 5, 10-6) 

(Continued) 
Capital Costs 

Unit 
Description Quantity ~ 

Item 
~ 

Present-Worth Analysis: PW • FV [(I - i)"d 

a • S percent 

n • 30. 5 

n • 30 years 
·. 

PW • $181,700 + $167,600 (P/A 5,30) + $50,000 (P/F 5,30) 
PW c $181,700+ $167,600(15.372) + $50,000(2.782} 
PW = $2,900,000 

n • 5 years 

PW = $181,700 + $167,600 (P/A 5,5) + $50,000 (P/F 5,5) 
PW • $181,700 + $167,600 (4.329) + $50,000 (0.7835) 
PW = $950,000 

Annual 
..Qw_ 

Note: Actual costs may vary from -30 to +50 percent of values presented based on uncertainties 
in rate and cost factors. 

' 

17683,026 10 · AE 
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Item 
No. DescriQtion 

1.0 Mobilization 

2.0 

1.1 Equipment 
1.2 Utili ties 
1.3 Permits 
1.4 Decon Facilities 
1.5 Air Monitoring 
1.6 Personnel Training 
1. 7 Photographs 
1.8 Project Signs 
1.9 Fencing 
1.10 Monitoring Wells 
1.11 Ground-water Sampling 

Equipment 
1.12 Site Office 

1.13 Total Mobilization 

t.lt~rnau~ Wat~[ S!.!l2121:l!: 

2.1 ··Water Line, 8-irich 
2.2 Residential Services 
2.3 Repaving 
v: H~drant 

Alternative No. ];a 
Soil Cover (10- ) 

,,=.::.: .. :~(; 
Capital Costs -· ·. ~ :· -~ :··' 

------"7.U~n~it ....... .sx----=-lt-e~m ·---~···· · ·.-"_ 
Quantity Cost Qm 

2 months s 4,000 s 8,000 
2 months 1.000 2,000 s 
0 each 0 0 ·. 
2 months 2,500 5,000 
2 months 2,000 4,000 
5 each 800 4,000 
2 months 200 400 
200 each 10 2,000 
8,650 LF 8.50 73,500 
3 each 10,000 30,000 
J LS 1,500 1,500 

2 months 1,200 ,,4QO 

$132,800 s 

3,500 LF 17.80 62,300 
15 ea. 620 9,300 
3,500 LF 4.00 14,000 
1 750 7~0 

Annual 
..Qw_ 

1,000 

1,600 

1,000 
4,000 

7,600 

. 4,000 
2,000 

2.5 Total Alternate Water Supply s 86,400 s 6,000 

I 

3.0 Ground-Y\ater Monitoring 

3.1 Sampling, twice yearly. 8 wells 
3.2 Lab Analyses/Sampling Period 

- 16 well samples, 4 QA samples 
- VOCs, SVOCs, and inorganics 

3.3 Yearly monitoring report 
3.4 Five-year risk analysis 
3.5 Project Administration 

3.6 Total Ground-Water Monitoring 

!i683,026.10 - AE 
071&091690 L-3 

20,000 
48,000 

20,000 
50.000 
96.000 

$234,000 
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Harding L8wson .Asaod8tes 

Alternative No. t,a 
Soil Cover (10- ) 

(Continued) 
Capital Costs 

Unit 
Description Quantity CQn 

Soil Cover 

I Clear and Strip 
2 Grading 
3 ·-port ·Fill 
4 .. ckfill/Comp,action 
.5 ·- ·droseed, mulching 
.6 ~gate 

.7 Total Soil Cover 

.8 Maintenance (10%) 

Subtotal Capital Costs 

Total Annual Costs 

Engineering and Design (12%) 
Construction Management (I 0%) 
Contingency (30%) 

Total Capital Costs 

3200 SY 
3200 SY 
900 CY 
3200 SY 
G.8 AC 
10 weeks 

I 

>resr ·-Worth Analysis: PW = FV [(I - i)nrl 

• • 5 percent 

n • 5, 30. 

n • 30 years 

1 
4 

12 
8 

s 2,500 
~QQ 

Item 
C2ll 

3,200 
12,800 
10,800 
25,600 

2,000 
4.QQQ 

s 58,400 

$277,600 

33,310 
27,760 
83.3QO 

~421.9QQ 

PW • $421,900 + $203,440 (P/A 5,30) + $50,000 (P/F 5,30) 
PW = $421,900 + $203,440 (15.372) + $50,000 (2.782) 
PW ;., $3,700,000 

n = 5 vears 
- I 

PW = $421,900 + $203,440 (P/A 5,5) + $50,000 (P/F 5,5) 
PW • $421,900 + $203,440 (4.329) + $50,000 (0.7835) 
PW = $I ,340,000 

Annual 
..Qw_ 

s 5,840 

~2~J.440 

Actual costs may vary from -30 to +50 percent of values presented based on uncertainties 
in rare and cost factors. Additional variations in costs may also be realized based on 
uncertainties related to estimates of volume or area. Verification sampling conducted 
during the remed.ial design phase will be necessary to refine these estimates. 
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Attachment 6 



INTER-OFFICE MEMORANDUM 
·' 

. To: Laurel Staley, RREL Date: October 9, I 990 

From: Mike Johnson. PRC ~ ~ 

Subject Recycling Sciences International, Inc. (RSI) SITE Demonstration -- • 
Results of Waukegan Harbor Treatability Tests 

.._, As you recently requeste~ I have gathered available information concerning the 

treatability tests conducted by Recycling Sciences International, In~. (RSI) (formerly Ameri~n 

Toxics Disposal~- ATD). ln 1984 and 198S, RSI conducted 13 treatability tests on sediments 

obtained from Waukegan (Illinois) Harbor and the Hudson River. The duration of the tests 

ranged from_ 0.5 hours to S.S hours and the sediment quantities treated ranged from 241 pounds 

to 5,762 pounds. The results of the tests are summarized in Attachment 1. 

Attachment 2 presents a detailed project summary of the treatability tests. The project 

summary describes the operating parameters, summarizes the test data, and presents a rough mass 

!t>alance for the system. Please note that RSI has made substantial improvements to its equipment 

since these tests were conducted. These improvements include installiDs (1) a waste feed system 

with a nominal feed rate of 8.5 tons per hour (based on 85 percent solids in the feed), (2) a 

.._, second vapor phase carbon bed in series with a backup carbon bed, and (3} a more extensive 

liquid processing system, including a centrifuge and pressure filter system preceding two car!:rn. 

beds arranged in series. 

If you have any questions concerning the treatability tests, please call me at (312) 856-

8700. 

cc: Karla Auker, Ohio EPA/NEDO 
Joe Heimbuch, Technical Environmental Consultants, Inc. 
Mike Percival. Tech'nical Environmental Consultants. Inc. 
Dave Cowgill, U.S. EPA, Great Lakes National Program Office 
John Piper, U.S. EPA, Great Lakes National Program Office 
Rick Fox. U.S. EPA, Great Lakes National Program Office 
Jonathan Herrmann, RREL · 
Dennis L. Timberlake, RREL 
Mark Meckes, RREL 
Ken Kastman, Woodward-Clyde 
Canar Zanbek, Woodward-Clyde 
Peter Sanders, U.S. EPA RegionS 



Date 

7-19-84 

8-27-84 

8-29-84 

8-30-84 

9-04-84 

9-10-84 

9-11-84 

9-12-84 

3-12-85 

3-15-85 

3-26-85 

3-27-85 

4-18-85 
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· .. -.:.: ... ~.~~-~·-.... -~-
RESULTS OF PILOT-SCALE TESTS AT~;;· 

WAUUGAN HARBOR AND THE HUDSON RIVER 
~ 

~ 

. . ... 
Amount of . Concentration 

Duration Clean Solids Feed PCB :iii Clean Solids 
Houa lbs. Concentration Discham. wm 

1.5 241 44 1.6 

1.25 2444 109 1.0 

0.5 823 S3 I.S 

l.S 2470 37 3.2 

3.7S S162 31 0.9 

s.o 5104 38 J.S 
.. .. ~--~~~-:· ~~;:.. !"" .. : - -. --·· 

l • :. ':'"~- . -
S.5 49J2 28 "4.0 

1.0 823 27 1.4 

1.25 24SO 12.8 0.5 

3.0 2733 12.9 0.5 

2.0 433 8.6 1.3 

3.75 1531 8.6 1.3 

3~s 1490 206 0.8 

-:.:"" .· .. -

Notes: The average PCB concentration (x) in the clean solids diseharae equals 1.89 ppm. The 
population standard deviation (a) equals 1.11 ppm. 
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ATTACHMENT 2 

TEST DATA/PERFORKJ\ttCE CALCUL'l\TIOUS 

The mobil Vaporization Extraction System (VES) developed by ATD 
utilizes a roller mill unit with a modified, rotatin~, -fluidized 
bed. This unit (Vl) receives the host material containing PCB. 
Hot contact gas from an Air heater is injected into the bed, at 
controlled temperatures ( 320 • F) , causing the PCB . to l·eave the 
host material in'a gas phase which is contained inducted piping. 
The products of the volatilization are processed, so that the 
toxic hydrocarbons are captured and concent~ated for EPA approved 
disposal. . · 

The VES unit was first assembled for testing at a site in 
w,ukegan, Illinois, where it had been approved by the EPA for 
test processing of PCB-contaminated sludge dredged from Slip No. 
3 of the Waukegan Harbor. After completion of the construction 
phase and tests with non-toxic material at Waukegan, ATD began a 
series of tests using the Pes-contaminated sludge. The first 
series of tests were called "The Summer SeJ"ies 1984," running 
from July 19, 1984 to September 12, 1984. Eight test runs were 
accomplished, processing approximately 15.5 tons of sludge. The 
next test series, known as "The Spring Series 1985," was begun on 
March 12, 1985 and consisted of 5 toxic tests using Waukegan 
Harbor material (March 12- 15), Hudson River material (March 26 
- 27), and an EPA:-approved spike test on April 18, 1985. The 
following sections describe the tests and results. 

A summary of test data from the Waukegan operations is presented 
in Appendix G. Full data on theses tests' is contained in a 
supplemental volume entitled "Vaporization Extraction system 
Tests, 1984-85, Waukegan, Illinois." 

A. SUMMER SERIES 1984 TESTS 

On October 18, 1982 approval was given (and subsequently 
extended) from the EPA·to proceed with a pilot project by testing 
the process with up to 25 tons of PCB-contaminated sludge to be 
dredged from Slip No. 3 in Waukegan Harbor, Waukegan, Illinois. 
Tests were subseq'Jently conducted in Waukegan using a portable 
unit mounted on a truck or barge. Maximum capacity of this unit 
was lb tons per hour. The tests included multiple short duration 
and longer duration runs. Chemical analyses were made on the 
sludge before testing ~nd in the solids discharged after 
processing. Prior to processing, the sludge · had PCB 
concentrations of up to 250 ppm: after prQcessing, the sludge 
contained less than 2 ppm of PCBs. 



- -~----

The findings and conclusions from these tests were included in an 
official report to the U.s. EPA and the .·Illinois EPA. Supported. 
by documentation of the independently performed chemical testing·: . 
procedures, ATD believes the report proved . the technical and·. . 
environmental viability of the .patented VES process. . . ··· • .. _,.~., 

. ) .. ~-~-~: ~- ~--~ ·:;-_.. . -· ~... -- . "}~:·~~~-~1 
July 19, 1984, After the successful start:Oup· of the ~unit': vitJ:i··~:_;~·t 
non-toxic material, the first series of tests with toxic sludge· 
extracted from Waukegan Harbor began on July 19, 1984. This test . 
lasted"ll hours and the total amount of material processed was 
3000 lbs. (wet). Approximately 70 gallons of water was proces.sed·:. 
and discharged into the dirty water storage tank. 

During the test, the contact gas temperature averaged lOOO'F, ·.and 
the bed temperature averaged 325'F. The system operated at a 

_negative pressure of .J2"W.c. and a gas flow rate of 5800 lb/hr. 
The inlet and outlet of the V6 carbon adsorber were constantly . · 
aonitored using the approved Modified Method 5 sample train. -~ 
sample of the system water was taken at the final gas wash outlet 
(sample No. 40705867). A sample of incoming sludge was taken· 
(sample No. 40765) and showed a PCB concentration of 44 HG/KG. A 
sample of the solids discharge was taken (sample No. 40774) and 
showed a PCB-concentration of 1. 6 MG/KG. ·The coarse solids 
discharge on this date was 2470 lbs. 2' went overhead as fines 
(50.4 lbs.), A sample of these fines was takfn (No. 40778) and 
contained 102 MG/KG. All processed material was placed in EPA 
approved containers and stored in a bermed area. 

. .l . · ... .: . ~: ~~-: -~ -· . ·.'· ~-. 
r·· ; •···•·· •. 

August 27. 1984. The next toxic test was done on August 27, 
1984. This test lasted 75 minutes with a total of 3000 lbs. 
(wet) of contaminated material ·processed. Approximately 70 
gallons of water was processed and discharged into the dirty..__.~ 
water storage tank. 

' 
During the test, the contact gas temperature averaged 1400 •F and 
the bed temperature averaged 325 • F. The system operattid at a 
negative pressure of .30"W.C. and a gas flow of 6000 lb/hr. The 
inlet and the outlet of the V6 carbon adsorber were constantly 
monitored using the approved Modified Method 5 sample train. A 
sample of the system water was not taken at the scrubber outlet. 
A sample of incoming sludge was taken (sample No. 40842) and 
showed a PCB concentration of 109 HG/KG. A sample of the solids 
discharge was taken (sample No. 40841) and showed a PCB 
concentration of 1.0 MG/KG. The coarse solids discharge was 2444 
lbs. 3\ went overhead as fines (75lbs). The fines were not 
analyzed. All processed material was placed in EPA appro\'ed 
containers and stored in a bermed area. 

August 29, 1984. The next toxic test was done on August 29, 
i984. After 30 minutes, the test was discontinued because of a 



defective belt on the spinner separator. The total material 
processed was 1000 lbs. (wet). Approximately 20 gallons of water 
was processed and discharged into the dirty water storag~ tank. 

Duri1lg the test the average contact qas temperature was 14oo•p 
and the average bed temperature was Joo·F. The system operated 
at a negative .22"W.C. and a gas flow of 5600 lb/hr. The inlet 
and outlet of the V6 carbon adsorber were constantly monitored, 
using the approved Modified Method 5 sample train. A sample of 
incoming sludge was taken (sample No. 40856) and showed a PCB 
concentration of 53 MG/KG. A sample of the solids ~ischarge·was 
taken on sample No. 40864 and showed a PCB concentr~tion of 1.5 
MG/KG. The coarse solids discharge on thls date was 823 lbs. 2\ 
went overhead ._as fines (16.8 lbs.). A sample (No. 40865) was 
taken of these fines and contained 36 MG/KG of Aroclor 1248. All 
propessed material was placed in EPA approved conta!ners and 
stored in a bermed area. 

August 30. 1984. .. The next toxic test was done on August 30, 
1984. This test lasted 90 minutes with a total of 3000 lbs. 
(wet) of contaminated material processed. The dry weigh~- of the 
coarse discharge material was 2470 lbs. 

Approximately 70 gallons of water was processed and discharged 
into the dirty water storage tank. During the tests, the-contact 
gas temperature averaged 1500 •F and the bed temperature averaged 
35o·F. The system operated at a negative pressure of .20"W.C. 
and a gas flow rate of 5500 lb/hr. The inlet and outlet.of the 
V6 carbon adsorber were constantly monitored using the approved 
Modified Method 5 sample.train. A sample of the incoming sludge 
was taken (No. 80 mpa) and sho\-red a concentration of, 37 MG/KG of 
PCBs. A sample of the coarse solids discharge was taken (No. 83 
mpa) and showed a PCB concentration of 3. 2 MG/KG. The total 
coarse solids discharge was 2470 lbs. 2\ went overhead as fines 
(50•.4 lbs.). A sample of the fines was analyzed (sample No. 86 
mpa). The PCB concentration was.9 MG/KG. All processed material 
was placed in 'EPA approved containers and stored in a bermed 
area. 

September 4 J. 1984. Th~ next toxic test was done on September 4, 
1984. This test lasted 3.75 hours. The total material processed 
wa·s 7000 lbs. (wet) • The dry lrleight of the coarse discharge 
material was 5600 lbs. and approximately 165 gallons of water was 
processed and discharged into the dirty water storage tank. 

During the tests the contact gas temperature averaged 16oo·F and 
the bed temperature averaged 35o·F. The system operated at a 
negative pressure of .30"W.c. and a gas flow rate of 6000 lb/~r. 
The inlet and outlet of the V6 carbon adsorber were constantly 
monitored, using the approved Modified Method 5 sample train. A 
sample of the lncoming sludge was taken (Sample No. 40912) • A 
concentration of 31 MG/KG was recorded. A sample of the coarse 
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solids discharge was taken on sample tlo. 40917 _and showed a PCB . 
concen~ration of • 9 MG/KG. The total solid_~ .discharge :Vas 57.62 ._ 
lbs. Of that amount 2\ went overhead as fines (118 lbs) •. · A, :_ 
sample of the fines was analyzed (sample No •. 40918) with '·the~: ... ; 
recorded. PCB concentration being 21 MG/KG~· .-.__ All proC:essea'i!!.s~' 
material was placed if) EPA approved containe~s ·and stor_ed_?~tfi;t~:::~ 
bermed area. · ..-,-. · '. -'l:--· .. 

•'. 

ill .. """:' ~- ~--~-· 

September 10. 1984, The next toxic test was done on Septembe~~~2: 
10, 1984. This test lasted 5 hours. The total •aterial processed~~
was 7000 ~bs. (wet). Approximately 120 gallons of water was-,. 
processed and discharge~ into the dirty wa~er storage t~nk. 

During the tests the contact gas temperature averaged 1450'F and 
the bed temperature averaged 37 5 • F. The system operated at · · 
negative pressure of .30"W.c. and a gas flow rate of 6100 lb/h~ 
Ttte inlet and outlet of the V6 carbon adsorber were· constantly 
monitored using the approved Modified Method 5 sample train. A 
sample of the incoming sludge was taken (No. 40931) with anolysis 
showing a concentration of 38 MG/KG. A sample of the solids· 
discharge was ta~en (sample No. 40993) and showed a PCB 
concentration of 1.5 MG/KG. The coarse.solids discharge was 57G4 
lbs. 3\ went overhead as fines . (176 lbs.). The fines were not 
analyzed. All processed material was placed in EPA approved 
containers and stored in a bermed area. 

September 11. 1984. The next toxic test was done on September 
11, 1984. This te:st lasted 5.5 hours to 3:30 p.m. The _total 
material processed was 6000 lbs. (wet) •. The -1CSrY:.- weight-_;;:-of~ t~e·..;~, 
coarse discharge material was 4932 ·lbs. · Approximately 140 
gallons of water was processed and discharged into the dirt·· 
water storage tank. ~ 

During the tests the contact gas temperature averaged lSOO'F and 
the bed temperature averaged 400'F, ~he system operated at a 
negative pressure of .20"W.c. and a gas flow rate of 6100 lb/hr. 
The inlet and outlet of the V6 carbon adsorber were constantly 
monitored using the approved Modified Method 5 sample train. A 
sample of the incoming sludge was taken (sample No. 40957) and a 
concentration of 28 MG/RG was recorded. A sample of the coarse 
solids discharge was taken (sample No. 40994) and showed a PCB 
concentration of 4. o MG/RG. The total coarse solids discharge 
was 4932 lbs. Of that amount 2' went overhead as fines (101 
lbs.). The fines were not analyzed. All processed material was 
place~ in EPA approved containers and stored in a bermed area. 

September 12. 1984. The next toxic test ~as done on September 
a:l~2~,:.::.:::.!.1:::9~8=..4 ..... __.. ...... T~h....,i .. s.c..z...;:.t~est lasted 1 hour with a total of 1000 lbs · 
(wet) of material processed. The dry weight of the coarse 
discharge was 1000 lbs. Approximately 24 9allons of water was 
processed and discharged into the dirty water storage tank. 



During the tests the contact gas temperature averaged 160o·r and 
the bed temperature averaged 3 00 • F. The system operated at a 
negative pressure of .25"W.c. and a gas flow rate of 5600 lb/hr 
The inlet and outlet of the V6 carbon adsorber were constantly 
monitored using the approved Modified Method 5 sample train. A 
sample· of the incoming sludge was taken (No. 40983) and showed a . 
concentration of 27 MG/KG. A sample of the solids discharge was 
taken (sample.No. 40995) and showed a PCB concentration of 1. 4 
MG/KG. The coarse solids discharge was 823 lbs.: 2' went 
overhead as fines (16.8 lbs.). The fines were not analyzed. All 
processed material was placed in 'EPA approved containers and 
stored in a bermed area. 

·. 
B. SUMMER SERIES 1985 TESTS 

The Summer, 1985 series of tests included processing of Waukegan 
Harbor sludge as well as sludge transported from the Hudson River 
in New York. Testing was monitored by officials from the u.s. 
EPA, the Illinois EPA and the New York Department of 
Environmental Conservation. 

March 12, 1985. The first toxic test was don~ on March 12, 1985. 
This test lasted 1 hour and 15 minutes. The total material 
processed was 2940 lbs. Approximately 60 gallons of water was 
processed.and discharged into the dirty water storage tank. 

During the tests, the contact gas temperature averaged 1500 ·F. 
The average bed temperature was 32S·F. The system operated at a 
negative of .18"W.C. and a gas flow rate of 5700 lb./hr. The 
inlet and outlet of the V6 carbon adsorber were constantly 
monitored, using the approved Modified Method 5 sample train. A 
satnple of the system water was taken at the gas wash outlet by 
Allied Laboratories Ltd. A concentration of 0.5 ppm was 
reported. A sample of the incoming sludge was taken. A 
concentration of 12.5 ppm was recorded. A sample of the coarse 
solids discharge showed PCB concentrations of 0.5 ppm. The total 
solids discharge was 2450 lbs •. 5, went overhead ·as fines (123 
lbs.). A sample of. fines was analyzed and showed a PCB 
concentration o·f 2. 3 ppm. All processed material was placed in 
EPA approved containers and stored in a bermed area. 

March 15, 1985. · The next toxic test was done on March ·15, 1985. 
This test lasted 3 hours. The total material·processed was 3279 
lbs. (wet). The dry weight of the coarse discharge material was 
2733 lbs. Approximately 64 gallons of water was processed and 
discharged into the dirty water storage tank . 

. During the tests, the contact gas temperature averaged 1450"F and 
the average bed temperature was 275"F. The system operated at a 



negative pressure of .30"W.c. and a gas flow rate of._~a~-~ lb/hr. 
The inlet and outlet of the V6 carbon adsorber ·were ·co~stantly ·-.. ·-·· 
111onitored, using the approved Modified Me~hod 5 sample .. t~ain~ _A-,_ 
sample of the incoming sludge showed a P~BiconcentratiC?n.--:of:<)2~9 _;._:.,._:: 
ppm. A sample of the coarse solids discharge ,,_was _takeri.'~;~~e\Pcsi~*-:"'. 
concentration was·. 5 ppm. The total courae.-~solids:-d~sCJi.rge;;was~?t'~~·-
2733 · lbs. 2.5t (approximately 70 lbs.) went overhead ~-as·'.-fines.·~::·:·-r· 
The PCB concentration was 2.0 ppm. All processed 11laterial ..Was-- :. 
placed in EPA approved containers and stored in a bermed area. · -: 

: • •• •. ~~-...!'• I.':. -·~·i.'· 

March 26. 1985. The next toxic test was done on March.-26,- ·198S. 
The New York Department of Environmental Conservation dredged 10 
tons of PCB-contaminated sludge from the Hudson River and 
transported it.: to Waukegan, Illinois for processing in AT0 1 s 
pilot ~est facility at the Waukegan Harbor. 

The March 26 test lasted 2 hours. The total material processed 
was 680 lbs. (wet).- The dry weight of the coarse discharge 
material was 437 lbs. 13 gallons of water was processed and 
discharged into the dirty water storage tank. 

During the test,' the contact gas temperature averaged 12oo•F, tne 
bed_ temperature averaged 27o·F. The system operated at ·a 
negative pressure of • 25"W. c. and a gas flow rate of ·4500 lb/hr. 
The inlet and outlet of the V6 carbon adsorber were constantly 
monitored, ~sing the approved Modified Method 5 sample trains. A 
sample of the incoming sludge was taken (No. 12499). A 

·. concentration of 8. 6 ppm was rec·orded. A sample . of the. coarse 
solids discharge was taken (t,o. 12499) The -_-PCB· conc~nt~ation· was 
1.3 ppm. The total solids discharge was 544 lbs. Of that, 20' 
(107 lbs.) went overhead as fines. A sample of fines was analyzee . 
(No. 12499). The PCB concentration was 1. 0 ppm. All processed'----" 
m~terial was placed in EPA approved containers and stored in a 
bermed area. · 

March 27, .J985. The next test usinq Hudson River material was 
done on March 27, 1985. This test lasted 3-3/4 hours. The total 
material processed was 1966 lbs. (wet). The dry weight of the 
coarse solids discharge material was 1531_l~s. 49.15 gallons of 
water was processed ari4 disCharged into the dirty water storage 
tank. 

During the tests, the contact gas temperature averaged 1500'F and 
the average bed temperature was 275'F. The system operated at a 
negative of • 31 11W.C. and a gas flow rate of 5900 lb/hr. The 
inlet and outlet of the V6 carbon adsorber were constantly 
monitored, using the approved Modified Method 5 sample train. A 
sample of the incoming sludge was taken. A·concentration of 8.6 
ppm "as recorded. A sample of the coarse solids discharge was 
take~. The PCB concentration wa~ 1. 3 ppm_. The total coarse 
solids discharge was 1531 lbs. Of that 6.0t (108 lbs.) went 
overhead as fines. The fines were not analyzed. All processed 



· material was placed in EPA approved containers and stored in a 
bermed area. 

April 18. ·1985, 'The next toxic test was done April. 18, 1'85. 
This test was an EPA Region V approved "Spike" of a quantity of 
"clean" Waukegan Harbor sludge with a known quantity of arocl.or 
1248. The object of this test was to determine the process 
capability for removing PCB at higher concentrations (887 ppm). 

Approximately 2000 lbs. of clean material from the south ·harbor 
was thoroughly mixed with 1 pt. of liquid designated as aroclor 
1248. This mixture was placed in the ATD feed hopper. This test 
lasted ll hours. The total material processed was 2000 lbs. 
(wet). The dry weight of the coarse solids discharge was 1645 
lbs. Approximately 18 gallons of water was processed and 
discharged into the dirty water storage tank (90\ solids feed). 

During-the. tests, the contact gas temperature averaged 1400'F and 
the average bed temperature was 275'F. The system operated at a 
negative pressure. of .31;"W.C. and a gas flow rate of 4800 per 
hour. The inlet and the outlet of the V6 carbon adsorber were 

' constantly monitored usinq the approved Modified Method 5 sample 
train: Samples of the incoming sludge were taken. Tests of these 
samples showed a range of from • 8 to 18 ppm. Samples of the 
fines were taken from a total fines discharge of 154 lbs. Tests 
of these samples showed a range from 7 to 82 ppm. All processed 
material was placed in EPA approved containers and stored in a 

·. bermed area. 

C. SUMMARY OF TEST DATA 

A summary of test data from the summer Series 1984 tests and the 
Spring Series 1985 tests 
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SUMMARY OF ATD'S 13 PCB TESTS .' . . :':. ~r;-- -~ :-;:-~: 
.. _ · .• :!'::- ···: "(; 

... i· ji~f:; 
- .. - .. _: - - --.···'::';\·~-

After the com;>letion of the construction phase and tests wi tli-:.:;::j.Jf?r .. 
non-toxic material at Waukegan, IL, ATD be9an a series of. tests ·:; :·~~~· 
using PCB contaminated sludge. The first series of tests ·were · ... · _:~::·::~·
called "The Summer Series .1984." They ran from July .. 19, 1~84,i;~_-.:.:,:,~ii·. 
to September 12, 1984. E.1ght test runs were accompl.1shed,-- pro---_,.:
cessins approximately 15.5 tons of sludge extracted'from Waukegan 
Harbor, Waukegan, IL. The next test series~was begun on March 
12, 1985 (The Spring Series 1985) and consisted of 5 toxic tests 
using Waukegan Harbor material (t1arch 12-15) Hudson River mater- · 

. ial (March 26-27) and an EPA approved spike test of 4-18-85. T~ 
following is a summary of these tests demonstrating PCB concen
trations in input and coarse solids discharges as well as the 
dry weight of discharges of solids and captive fines. • 

TEST SUM.'ihRY DATA 

LBS OF PRODUCT 
TEST DURATION DISCHARGE DISCHARGE PPM 

NO. II- DATE HRS COARSE FINES FEED 

1984 

A 7-19 1.5 

B 8.27 1.25 

c 8.29 0.5 

D 8-30 '1. 5 

E 9-04' 3.75 

F' 9-10 5.0 

G 9-11 5.5 

H 9-12 1.0 .. 
1985 

J 3-12 1.25 

K 3-15 3.0 

L 3-26 2.0 

M 3-27 3.75 

2410 

2444 

823 

2470 

5762 

5704 

4932 

823 

2450 

2733 

437 

1531 

50.4 

75 

16.8 

50.4 

118 

176 

101 

168 

123 

70 

'107 

108 

.. r • 

' 

44 

109 

53 

37 

31 

38 

28 

27 

12.8 

12.9 

8.6 

8.6 

-PCB,DRY 
COAR.'iE 

SOLIDS Dl SCH.!.~G 

I 

1.6 

1.0 

1.5 

3.2 

0.9 

1.5 

4.0 

1.4 

o.s 

0.5 

1.3 

1.3 

n A 

. ~ .. 
.-.-:.· 

-~· 
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PCB Balances. 

•· 



., 

I 
'. 

.,. 
; 
\ 

I. PCB Balance 
The bases for PCB Balance calculation which follow 
were developed using accepted labor.atory· procedures 
and analytical data iri section ·IV.;;.A·.- ·Please refer· 

~- ... - . 

also to paragraph E, Noles. · 
.~ ~ • # 

A. Material in System. 
·· ... :- .. 

_..,,i -.. !> • 

·-::~.~/·:~, .. ·.~---· . 

.• ... 

1 • Carbon Adsorber Dust 
a. The density was measured as "random :oose" 

packinc in a 2 litre graduate._ · 
b. The depth of the dust vaa estimated by vacuum 

removal at approximately 1/2 in. lsyers of . 
carbon plus dust at a time~ which indicated 
successive thickness of 1/2,1/,, 1/8 in. 
etc. of which the arithmetic t~m is 1 i'ch. 
We believe_ the accuracy to be- 1/8 in •• 
The sample was taken from four vacuum cleaned 
areas which were screened at 1/t6 x 1/16 in. 
mesh to remove the carbon: it vas an aliquot 
of a thorough mixture. 

. . :.._; 
. ·.:-:. 

2. Solids in Dirty Water Storage Tank. 
a. The density was calculated from the dry_dens{ty 

obtaintd above and by "reconstituting" a 
dust sample to determine water content • 
(Note that the analyras were on a "wet" basis.) 

b. There w~s no clearly defined inte~face of 
sludge-liquid in the ~anks even after ~me 
6 to 8 weeks of settling (Note E-3). 
However, we obtained high solids concentration 
material from a pump suction suspended 2-1/2 ~ 
to 2-3/L inches from the bottom of the tank 
and quite a lot at up to A inches. We also 
attempted measurements with a dip-stick • 

. ; For the final quantity _estimate we believe 
our number to be within - 1/8 and + 1/La 
ie. 2-7/8 to 3-1/A in. 

c. We used 32{) ppm as a_ "within accuracy" ave'rage 
of 319·and 327 from the laboratory data. 

3. Carbon in Adso"rber (V-=6). 
Two samples were aggregated from four places 
~n the bed at depths of 2 to· 21 in. a~d 3 to 3! in. 
We therefore selected L in. as an effective bed 
depth (Cel,on information, referenced in Exh.Vl) 
and used the average of the anelytical results • 

• 

L. Dry Fines in Syste~. 
The quantity ~as eye-estimated rrom several 
sample ~crts in the system. The everage of three 



&ample analyses was used in t~e calculalion. 

s. Fine Solids in S1,stem Water. 
!he system contains about 2500lb of wat~r and 
there 1e, at our lower than design rates, ·a tendency 
for solids to accumulate in eome places in the · 
system. We believe the 100 lb to be a reasonable, 
if not conservative, figure and used the analytical 
reeult for the fines in storage ~hich ia also · 
conservative. 

· 6. Material in Products 
Totals of measured weights have been u~ed and 
concentrations are weighted averages (txh.Il). 

7. Ha~erial fed to System. . 
Ae _161 above. The quantitit.a shown are calc~lat,d 
dry weights and should have been rounded to - S lbs. 



·550 SEA HJASE DRIVE WAl.lt<EGAN. a. a:x>BS lEl3t2 336 · 6067/8 

ATD Inc. 
PCB Balance 

A. Material in system 

1. Carbon Adsorber Dust 

• For den•itya 

1,230 cc of dust in· 2 liter bottle 

2,450 grams total weight 
720 grams tare of bottle 

1,750 grams net • 1.406 grams/ec • 87.7 lb./ft~ 

1• of dust in 6 ft. dia. vessel • 2.356 ft~ • 207 lb. 
At 1980 PPM • 0.41 lb. PCB 

2. Solids in Dirty Water Storage Tank 

87.7 lb./tt? dry'@ 84' solids • 104.4 lb.ft~ 
3• deep in 10 ft. dia. vessel • 2,050 lbs. wet. 

At 320 PPM • 0.66 lb. PCB 

3. Carbon in Adsorber (v~6) 

4• in 6 ft. dia. vessel ! SO lb./ft~ • 471 lb. 

At 550 PPH • 0.26 lb. PCB 

4. Dry Fines in System 

60 lbs. 
At 513 PPH • O.Ol lbs. reB 

5. Fine Solids i"n System Water 

100 lb. 

At 320 PPH • 0.03 lb. PCB 

B. Material in Products 

1. Autumn '84 Tests 

.' 

. '. 

..... : ..... · .. 

Coarse res!due: 25.435.2 lb. @ 1.9 PPH • 0.05 lb. PCB 



....... ....... .. . . . . . 

lj AMER~ISPOSAt.mr~~ 
560SV.t0RSE DRIVE WA&.JKE<Wof.ll. 60085 1EL312 336·6067/8 

2. s2ring • 85 Testa 

Coarse residue• 5,183 lb. ' 0.5 PPM • 

Cyclone fineaa 193 lb. @ 2.2 PPM • 

3. Hudson River Tes~s. SEring •as 
Coarse residue• 1,968 lb. @ 1.3 PPM • . 
Cyclone finesa 215 lb. @ 1.0 PPM • 

"-" 4. SEike Teat 1 11 Aeril •as 
Coarse residuea 1,490 lb. @ o.a PPM • 

Cyclone fines a 154 lb. @ 7.0 PPH • 

Total Products· • 0.08 lb. PCB 

C. Meterial Fed.to System 

~ 1. Autumn '84 Tests 

26,055.5 lb. @ 43.9 PPM • 1.14 lb. PCB 

2. Spring '85 Tests 

5,379.1 lb. @ 12.85 PPM • 0.07 lb. PCB 

3. Hudson River Tests, Spring '85 

2,184.3 lb. ~ 8.6 PPK • o.o2 lb. PCB 

4. Spike Test, 18 Aeril '85 

1,6~5 lb. @ 206 PPM • 0.34 lb~ PCB 

Totel Materiel Fed • 1.57 PCB 

.. 
;.. 

j: 

t' r: 

!r 
0.003 lb. PCB ;: 

0.004 lb. PCB 
" :· 

o.·oo3 lb. PCB . 

0.002 lb. PCB 

0.001 lb. PCB 

0.001 lb. PCB 
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AMERICANU\Q~SPOSAU1u~ 

560SEAHJRSE DRIVE WAUKEGAN.IL60085 18.312 336·6067/8 

D. Overall Balance 

1. Hat erial in S:fstemsa 

"· 1 through 5, 

2 •. Hater ial' in Products 1 

8, 1 tflrough 4, 

l. Total Accounted Fora 

4. Total Feda 

C, 1 through 4, 

5. Unaccounted Fora 

Sampline errors, 
plating etc., 

E. PCB Balance, Hotesr 

1.39 lb. PCB 

. 
o.oe lb. PCB 

1.47 lb. PCB 

1.57 lb. PCB 

0.10 lb. PCB 

.. -

• 
-~~:£~!.~· 
·;_·~~~-~r 
. . ... .... ~ .... 

<'; ~-

l ~:;....., .. 

-. •. . - . 

1. Analyses of the material in the system. article A. have onlyJ 
recently become available. 

2. Weighted averages have been used whenever data are available, 
eg Autumn ·•~4 tests. Where this has not been possible, 
arithmetic averages have been used, eg A-3, A-4. 

l. The material in the. dirty water storage tank \tas thoroughly 
mixed prior to settling and sampling by means of the circulacion 
lines and jet provided for that purpose. This was done because 
all of the condensate and fines had been stcred including that 
ploduced ~uring our shake-down non-tox operation at which time 
a much greater carry-over of solids was experienced. 
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Thermal Treatment for The Removal of 

PCBs and Other Organics. from Soil 
.· 

Robert D. Fox and Edward S. Alperin 
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and 

Hubert H. Huls 
IT Corporation, St. Paul, MN 

Thermal separation is an emerging technology for the treatment of contaminated 
soils and solids. The process .removes organic contaminants by indirectly 

heating the soils and solids to temperatures sufficient to vaporize the hazardous 
components. The organic vapors in the desorber off-gas are treated either by 

oxidation in a RCRA-standard secondary combustion chamber or by 
condensation and conveniional treatment of the small amount of the resultant 

condensate. 

This process had itsfirst successful pilot demonstrations in treating Herbicide 
Orange contaminated soils at the Naval Construction Balta/ion Center and 

tK Johnston Island, where dioxin conttimination was reduced to less than I ppb. 

This paper summarizes the results of a series ofpilottests, conducted unde,.·a 
TSCA R&D permit, on 3 soils contaminated with PCBs at concentrations ranging 

from 250 ppm to 4f1Jo. To demonstrate the process on an engineering scale, IT 
made 13 runs in the pilot thermal separator at rates ranging from 18 to 32 

kg/hr. Reported are results on the effect of temperature and residence time on 
the quality of treated soil. The report also summarizes pilot results on a 

mixed waste soil and soils contaminated with PAHs. 

INTRODUCI'ION 

Thermal separation is an emeraina technology for the treat
ment of contaminated soils ·and &olids. The proc:css removes 
organic contaminants by indirectly heatina the soils and solids 
to temperatures sufficient to vaporize the hazardous compo
nents. Key variables in volatilization performance are soil tcm· 
·perature, time at temperature, and panicle si~. The orpJiic 
vapors in the off-aas are treated by either oxidation in .a biah 
temperature combustion chamber or by condensstion and con
ventional treatment of the small amount of the resultant con
densate. 

Indirect hcatina of soils and solids in a rotatina metal .:ham
ber as a means of separatina contaminants by volatilizauon 
offers several process advantases. For example. multiple tem
perature control zones alona the rotatina chamber are possu:•te: 
solids residence time can be readily varied; and the composn;on 
and rate or purae aas can be controlled. Indirect heating pre
vents c~o~ntact between the contaminants, the direct name and 
the combustion prOducts. With indirect heating, the gases(\· 
itin& the separator consist or containment and soil moisrure. 
vapors, entrained particulates, and purge gas. lkcause the 
volume of these iascs is quite low compared to an incinerator. 
downstream equipment is small and solids entrainmenr is mm· 
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FIGURE 1. Schematic flo!¥ diagram of ITs thermal desorption system. 

imized. This also enables condensation to be used as a method 
to collect the contaminants for either recovery or treatment. 

Because it is an alloy metal instead of firebrick, the rotating 
chamber should require less maintenance. It can be transponed 
easier and the unit can undergo faster heat-up/cool-down 
cycles. 

Anether .advantage occurs when a lack of contact between 
the contaminated soil and a direct flame is coupled with the 
condensation option. In this confiauration the system has re
ceived a RCRA RD&D permit as a physical/chemical treatment 
process rather than as an incinerator. · 

I 

LITERATURE SURVEY 

Initial testing of t~ time, temperature, and particle size 
relationships for decontamination of soils invofved laboratory 
tests in ~oppon of the EPA's Mobile Incineration System[/). 

Pilot-scale testing of the indirectly-heated separator was per
fanned at two U.S. Air Force sites contaminated with dioxin 
from leaking drums of Herbicide Orange (1,J]. Additional 
pilot-scale tests, which are summarized in this paper, on PCBs 
are presented in detailed technical reports (4,5]. Treatment of 
soils contaminated with polynuclear aromatic hydrocarbons 
(PAHs) by indirectly-~leated thermal separation have been re
poned (6, 7,8J. Fundamental stucpes on the thermal desorption 

FIGURE t. Therm.-laepa,.tlon pilot planL 

c-.. •·-----•-• .. _____ -· ..... , 

of organics from soil particles have been reported by research-V 
ers at the Unive~sity of Utah [9). Bench-scale test results have 
been reponed on thermal separation treatment of contami· 
nated soils from three Superfund sites (/0} .. 

Thennal separator systems for treatment of contaminated 
soils at temperatures of 340" -4SS"C have been described (IIJ. 
This technology will also be demonstrated in the EPA-SITE 
program (/11. Demonstration of the technology on soil cotr
taminated with volatile organic compounds [JJ) was funded 
by the U.S. Army Toxic and Hazardous Materials Aaency and 
t~e repon is available from them. 

Two new processes using direct heatina of soil to volatilize 
contaminants at low temperatures have been described (14, 15}. 
One will also be demonstrated in the EPA-SITE program, and 
the other is scheduled to treat Waultepn Harbor sediment. 

EQUIPMENT DESCRIPTION 

lT bas a thermal separation pilot plant for engineering scale 0 
testina and demonstration of the technology on large quantities 
of contaminated site soils. The pilot plant haS a quench and 
condensation system for handline the desorbed organic con
taminants. The pilo,t plant can treat up to 68 ltg/hr of soil ac 
temperatures ·rrom 200 to 600"C and residence times of ten 
minutes to one-hour. A block flow diagram of the pilot plant 
is shown in Fiaure J and a pbotoaraph of the thermal S(J)aration 

· pilot plant is presc'nted in riJUre 2. 
The tl\ermal separator pilot plant consists of a continuously 

rotating 16.S em diameter tube {chamber) panially enclosed 
in a 4.3 meters long ps fired shell. The system is fired with 
propane at a rate of up ta.337 MJ/hr (320,000 BTU/hr) and 
it transfers • 1/3 of the heat to the test material. 

Soil is fed continuously into the sealed system through a 
screw feeder and exiu throuah a rotary valve. Purge aas is 
introduced at the soil discbarae end. flows counter current to 
the soil flow, and exiu into the gas quenchin& and condensing 
S))tem. 

UNIVERSITY OF MINNESOTA TESTS 

Under a TSCA RAJ) permit for the University of Minnesota, • 
pilot scale testing·was performed on soil from the Rosemount 
Research Center (llCC) site. The site was contaminated with 
PCBs by srm•ll businesses, operating between 1966 and 198S. 



Table 1 University of Minnesota. Pilot Plant Demonstration Test Conditions and PCB Analytical Results 

Total Soli 
Retention 

Run Time (min~ 

01 39 
02 38 
03 39 
04 21 
OS 20 
06 21 
07 22 
08 IS 
09 22 
10 IS 
II 39 
IIA 23 
12. 45 
12A 22 
13 21 

I DCMA AllalyUcal Method 
1Soil type: O•orpnic; f• f".U. S•Sand 
•z:z&!»J•l ta 
•s.mc feed for Nlll 9 A 10 
'Same feed for nnu II II II~ 
•s.mc feed for nnu 12 II 12A 

Soil 
Temp 
("C) 

37S 
452 
S4S 
373 
449 
SSI 
372 
380 
371 
300 
379 
377 
450 
449 
SSI 

that leaSed po~ons of the site for elecuical equipment salvaie. 
IT tested three different types of site soils: · 

• a fill 'Soil classified as silty sand and clayey silt contami· 
nated with •200 ppm of Aroclor 1260; 

• an organic soil clusified as black to brown stiff clayey 
and orpnic silt contaminated with • SOO ppm of Aroclor 
1260; and 

• a sandy soil consisting of medium dense fine to medium 
sand contaminated with •40,000 ppm of Aroclor 1242: 

Table 1 provides a summary of the opcratina conditions and 
the startina and fmal concentration of PCBs in the test soils. 
Each type of soil was successfully treated to a residual PCB 

. concentration of less than 2 ppm as calculated "usiq the Dry 

Soil 
PCB ConcentratiOn {ppm)' 

Feed Rate Soil Feed Tr~at.:d 
(lbs/hr)1 Type~ Soil Soil 

40 F 216 <2.0 
40 F 220 <2.0. 
40 F 183 <2.0 
74 F 199 <2.0 
72 F 247 <2.0 
72 F 231 <2.0 
"J(I 0 489 <2.0 
71 0 S46 <2.0 
70. 0 642. <2.0' 
70 0 6424 <2.0 
4S s 44SOO~ 10.9 . 
40 s 44SOOS S2.3 
40 s 44600' 3.85 
39 s 44600' <2.0 
70 s 3SSOO <2.0 

Col()r Manufacturilll Association (DCMA) analytical pr<X.-e· 
dure. This method for the analysis of PCBs in soil was required 
by the USEPA as a condition of the TSCA R&D permit. 

Starting and treated soil samples were also analyzed for 
2,3, 7 ,8-tetrachlorodibenzo-p-dioxin (TCDD), 2,3, 7 ,8-tetracn
lorodibenzo.furan (TCDF), and total tetrafurans usin1 GC/ 
MS. All starting and treated soils were below detectable levels 
(typically 0.66 ppb) for TCDD. Table 2 shows the results for 
2,3,7,8-TCDF and total TCDF. AU feed soils had low levels 

· of TCOFs. The fill material and the sandy soil were treated 
to below detectable levels of both 2,3,7,8-TCDF and total 
TCDF in experiments at sso•c. The orpnjc soil was not sub
jected to run conditions above 380"C and, therefore, contained 
residual levels of the ·compounds. 

Table 2 Unlve,.ity of Minnesota, Thermal Separ~~tlon of PCB Contaminated Soils, Analytical Data Summary Total and 
2,3,7 ,S. TCDF Results 

Soil 
Tetnp. 

Run ·c 
01 37S 
O'l 452 
03 S4S 
04 373 
OS 449 
06 551 
07 372 
08 380 

'09 371 
10 300 
11 379 
liA 317 
12 4SO 
12A 449 
13 SSI 

' Composite Feed Sampk Runs 1-6 
: NO • Not Da .. 'Cfcd 
1 NA • Noc Analyzed 
•composite Feed Sample Runs 7-10 
1 Composite feed Sample Runs 11·13 

42 Februarv. 1991 

Feed Soils !ppb) 

2,3,7,8-TCDF Total TCOF 

0.781 

0.78 
0.78 
0.78 
0.78 
0.78 
NAl 
NA 
NA 
NA 
1.65 
1.6 
1.6 
1.6 
1.6 

3.41 

3.4 
3.4 
3.4 
3.4 
3.4 
S.3• 
5.3 
5.3 
S.3 
S.2' 
S.2 
5.2 
S.2 
5.2 

Treated Soils (ppb) 

2,~,7,8-TCDF Total TCOF 

0.44 
NIY 
NO 
0.2 
NO 
NO 
1.8 
1.8 
2.5 
1.9 
2.9 
2.9 
0.2 
0.2 
NO 

2.2 
0.12 
NO 
0.71 
NO 
NO 
7.0 
7.6 

10.5 
6.8 

16.9 
16.9 

1.4 
1.4 

··" NO 

EnvlronmAnt•l Prnnr~~u IVol. 10. No. 1) 



Table 3 Summary of Typical Pilot Plant Test Results 

So1l .Treatment Conditions 

Soil Retention 2,3,7,8 
Source/ Temp. Time PCBs TCOO 
Type ·c Minutes ppm ppb 

. ·usAF- S60 40 NA 260 
Gutrpon/sand s6C:i 19 NA 236 

S60 IO.S NA 266 
460 24 NA 233 

USAF- 5SO 5.6 NA 48 
Johnston Island/ 5SS 20 NA S6 
crushed coral 

DOE Mixed Waste .. sso 19 37.S NO 
soil/silty sand . 

• Delcaabilicy ranatd rroaa 0.011 co o.os 1 ppb 
1 Detec:tabilicy ranacd rrom 0.22 1o 1.0 ppb 

ND• Not daecled 
NA • Not applicable 

Table 4 Effect of Temperature and Residence Time on 
PAH Treatment Efficiency 

Temperature . Time PAH Removal 
Soil c·c> (Minutes) (IIVo) 

A 300 s 96 
A 300 9 93 
A 400 s 99.5 
A 400 9 99.95 

8 300 s 96.S 
8 300 9 98.9 
8 400 s 99.6 
8 400 9 99_.92 

c 300 9 88 
c JSO 9 96.7 
c 400 9 99.1 

.• .. . ~· . . . 
lnterpretation of the PCB and the TCDF data indicates that 

the PCBs can be removed from ·actual site soils to below 2 
ppm-at temperatures between Joo•c and 37S ·c for low levels 
or contamination (Runs 1, 4, 7. 9, IS), or 4so·c tor hiah levels 
of contamination (Run 12A). However, removal of the TCOF 
to below detectable levels required treatment at - 5so·c for 
20 minutes (Run 13). 

OTHER TESTING PROGRAMS 

IT bas also performed tests for tbe U.S. Air Force usiJli the 
thermal Jel¥lfation system on soils contaminated with Her
bicide Oranae (mcludinJ dioxin) (2,3]. These tests were con
ducted in Mississippi and on Johnston Island ir. the South 
Pacific. One of the rlfSt RCRA RD&:O permits issued by the 

Table 5 Types of Contaminated Soils and Other Wastes 

Soil 

PCBs 
PAHs 
2,4,-0 
2,4,5-T 
Dioxins 
low level radioactivity 

and oraanics 
Pentachlorophenol 

Tes:sd 

Othl!tS 

Oily mill sludae 
Tetraethyl lead sludge 
Kerosene contaminated clay 
Kl06 (Ha-sulfide contaminated 

sludge) 
Styrene tars 
API separator sludges 
Creosote Sludae 
Mercury and thorium 

contaminated sludge 

Feed Soil Treated Soil. ppm 

2,3,7,8 Total 2,3,7,8 2,3,7,8 Total 
TCOF TCOF PCBs TCOO TCOF TCOF 

ppb ppb ·ppm ppb ppb ppb 

NA NA NA N01 'NA NA 
NA NA NA NO NA NA 
NA NA NA NO. NA NA 
NA NA NA o.s ,NA NA 

NO NO NA <0.084 NO NO 
NO NO NA 0.23 NO NO 

1.0 NIY <2 NO NO NO! 
(0.7S) 

EPA was for The Johnston Island project. Tbc thermal sep
aration process reduced the dioxin content of the treated soils 
to less than 1 ppb. The oraanic contaminant vapors were eonl J 
densed by quenchina in an orp.nic solvent and were destroy~ 
by UV photolysis. 

The IT thermal separation tecltnoiOIY Jw also been dem
onstrated in pilot sc:a.1e tesu on two mixed waste soils contam
inated with PCBs ud low Jcvcls of uranium-and technetium 
(5). Thermal separation treatment scpar:ated the PCBs from 
the radioactive soil, thus, makinJ the latter suitable for disposal 
as a low level radioactive waste. The PCBs were condensed 
and coUec:ted for off-site disposal; ncaliaible radioactivity )l'i·as 
found in the condensate. Table 3 summarizes typical results 
from these pilot runs. 

Pilot scale tests have also demonstrated !he ability of the 
tbcrmaJ separation technology to treat soils from old manu
factured ps plant sites. The contaminants pf concern at these 
sites were polycyclic aromatic bydrocarboDs (PAH). Table 4 

· shows the effect of temperatUre and ~denc:e time on treat-
ment efficiency. · 

In addition to these pilot plant tests, IT bas acveloped a 
data base in the application of the IT thennal separation tech
nology for soils contaminated with a wide variety of orpni 
and inorpnic contaminants. Table S lisu the types of cort-J 
taminants previously tested. in laboratory or pilot scale equip
ment. In addition, three types of laborator~ ll:n equipment~ 
have been used to understand the key treatment process re
quirements, such as temperature and residence time, to achieve 
specific removal efficiencies and clean-up criteria for widely 
different oraanic contaminants. 

The laboratory tcstiria apparatuses arc: 
• the tray furnace, 
• the tube furnace, and 
• the Rotary Thermal Apparatus. 

The tray furnace test,uscs a static but very thin layer of soil 
to minimize the potential effects of temperature aradients and 
gas phase diffusion. The testsarnple is rapidly heated tc the 
test temperature and maintained for a predetermined period. 
The residue from the test is analyzed for the constituent of 
interest. 

The tube furnace test uses a static 2.S em diameter by IS 
em long aliquot of soil confined in an indirectly heated quartz 
tube. Upon heating, the off-aas from the soil can be collected 
and analyzed, condensed, or scrubbed to evaluate down-stream 
proceuina options. 

The rotary rhermal apparatus (RTA) shown in the Fisure 3 
photographs is a 12.S em diameter by 36~cm long rotating 
metal chamber which is indirectly heated with an electric fur
nace. One to two pounCI aJiquots of soil are batch charred and 

\ 
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FIGURE 3. Rotary thermal apparatus. 

heated to the desired temperature and maintained for the test 
period. Off-aas from the test apparatus is condensed or 
scrubbed dependina on process applications. Residue can be 
analyzed for constituents or interest and a suffiCient amount 
of treated material is aenerated for use in TCLP tes&ina. 

THERMAL SEPARATION COSTS 

The cost considerations in remediatin1 soils or solids con-
.taminated with hazardous materials are: 

I. plannin1 and procurement. 
2. permittin1. 
3. site preparation, 
4. equipment mobilization, 
5. equipment erection/startup, 
6. operations, 
7. equipmeni demobilization, and 

· 8. site closure. · . • 
The non-operational cost components are hi&hly sPecific de
pending on the contaminants involved and the site conditions. 
The estimated direct operating cost of the thermal separation 
technology is • S80/ton (S0.088/ka) based on a 10 ton/hr 
(9,000 kg/hr) system treatina soil with 201Vt moisture. This 
cost includes S20/ton ($0.022/kg) for depreciation and S60/ 
ton (SO.d661k&) for labor, utilities, fuel, materials and supplies, 
and administrative costs. 

·SUMMARY 
,. 

Thermal separation offers a cost-t:ffeaive alternative to in
cineration for decontaminating soils and solids. The use of a 
thermal desorption treatment system for a particular contam
inated soil problem must be selected based on projecte4.tech
nical pedormance and cost, alona with suc:h factors as 
regulatory permiuina, site characteristics/location, and the 
presence of other contamination pro~lems at the site (e.a .• 
drummed waste, impounded sludges, etc:). . 
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The disposal of solid macerials concaminaced wich organlCS is a growing 
problem because of the EPA • s rescriccions on organics in landfills. This 
paper describes a cransporcable chermal .separacor which is _an economical 
alcernacive co incineracion for a broad class of wasce macerials chac have 
~elacively low organic <ioncencracion:s.: -J mically less chan. lOt. In che 
X*TRAX process I the conc8.minaced. solids are heaced in an indireccly fired 
ro;ary dryer co volacilize che· organics. The vapors are carried co a·gas 
handling syscem with an inerc gas where they are scrubbed for particulate 
solids and cooled to condense che organics. The carrier gas is reheaced and 
recycled co che dryer. The condensed organics can be reclaimed, used on or 
off-~ice as a supplemencal fuel, or descroyed. The X*TRAX system can handle 
a wide range of organics from high boiling compounds, such as PCBs, co low 
boiling compounds, such as RCRA regulaced solvents. Chemical llaste 
Management's full scde X*TRAX Model 200 is described, as well as receJO.t 
resulcs from pilot cescing on PCB contaminated wasces using the mobile pilot 
system. 



X*TRAX~ TRANSPORTABLE 
THER."ta.L SEPAR..J>,.TOR FOR SOLIDS CO~TA."'l~;ATED 'WITH ORGANICS 

INTRODUCTION 
.. ·....,-:; 

. -The· widespread problem of soils and solids that are contaminated with 
organic chemicals, coupled with the EPA's increased rest~ictions on organics 
in landfills has resulted in the unavoidable fact that millions of cubic yards 
of soil aild solids will have to be treated to reduce or eliminate the 
organics: Historically, the most likely treatment alternative has been high 
temperature incineration, which is costly, difficult to permit, and requires 

.lengthy mobilization periods for system installation and trial burns. 
Chemical Vaste Management (CWK) believes that many of these waste streams can 
be treated using a thermal separation system; in essence, by drying them. 
Wastes such as contaminated soils, pond or process sludges, filter cakes and 
others are likely candidates. Laboratory testing by CW lias shown that. at low 
temperatures (500-SOO.F) many organic compounds including high boiling 
compoUnds (PCBs) can be successfully separated from solids such as soil, sand, 
etc. The!'ll&l separation is now a treatment option with significant advantages 
in all of the above mentioned areas for a broad class of waste materials that 
have relatively low organic concentrations - typically less than 10\. 

Contaminated solids are heated in an indirectly fired rotary dryer to 
volatilize the organics. The vapors are carried to a gas handling system with 
an inert gas where they are scrubbed for particulate solids and cooled to 
condense the organics. The carrier gas is reheated and recycled to the dryer. 
The recovered organics can be reclaimed, used on- or off-site as supplemental 
fuel or destroyed by incineration. This X*TRAX process has been granted U.S. 
Patent No. 4,864,942. 

I 

The X*TRAX system can handle soils and dewatered solids such as pond sludge 
and filter cakes. Organic contaminants carl range from high boil~ng, semi
volatile compounds such as PCBs, to low boiling, volatile compounds such as 
RCiA regulated solvents. '· 2 

• 

This paper will discuss each of the three X*TRAX systems that have been 
constructed. The laboratory unit is used for performing bench scale 
treatability studies. The pilot scale system was used to confirm the design 
parameters and is now used as a demonstration unit. The first commercial unit 
is in.shake down testing and will be moved to a Superfund Site in May, 1990. 

; 

X*IRAX PRQCESS DESCRiptiON 

The X*TRAX system is a separatiot1! process to remove volatile or semi
volatile compounds from a solid matrix. Thermal energy is the driving force 
used to affect the separation. 

The system is composed of twd main elements, a dryer and a gas treatment 
system, as showri in Figure 1. The dryer heats the solids and volatilizes the 
water and organic contaminants. The gas treatment system condenses and 
collects the volatilized compounds and is the system's air pollution control 
(APC) portion. 



X*TRAX: PROCESS FLOW DIAGRAM 

.OOGANICS 

SLUDGE MAKEUP 

. ROTARY DRYER 

DRY PRODUCT 

Figure 1 
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Feed material, which can be either solid or pumpable sludge, is fed into 
the dryer. The dryer is an externally fired rotary kiln. It is essentially 

"-......-' a sealed rotating cylinder with the feed material tumbling inside and the heat 
source (propane burners) on the oueside. Since the dryer is externally fired, 
the combustion products do not contact the waste material (feed) being 
processed. The use of an externally fired dryer has two distinct advantages. 
First, and most important, is that the combustion gases do not pass through 
the associate6 air pollution control devices. Propane is a readily available 
clean burning fuel. Air permits for vent stacks from propane combustors are 
easily obtained, usually without any required air. pollution control devices. 
This allows the' APC devices for the X*TRAX system to be one tenth to one 
hundredth ~he size of that for an equivalent capacity incinerator. In 
addition, the small volume of carrier nitrogen gas discharged makes cleaning 
it to very high standards quite inexpensive. The second advantage of external 
firing is that it makes the X*TRAX system a separation process, not an 
incinerator because no organic combustion occurs. It is usually much easier 
to permit a separation process than a waste incinerator. 

The heated solids are discharged from the dryer as a powdered or granular 
dry material. For most applications~ water will be mixed with the exiting 
solids to cool them and to prevent dusting. This water vill normally be 
condensate from the gas.treatment portion of X*!RAX. 



The water and organic materials that are volatilized in the dryer are 
c~rried awav :o :he gas t~eatment svstem using an inert carrier gas 
(nitrogen). There, the gases are cooled, particulate material is removed and 

. the water and organtcs are condensed. The carrier gas is then reheated and 
recirculated back to the dryer. 

. The carrier gas first passes through a liquid scrubber where entrained 
solid parcicles are· remove~ and the gas stream is cooled to ics saturation 
temperature. The water for this scrubber is continuously recirculated with 
makeup water being ~upplied from previously condensed water. The scrubber 
also removes a portion of the volatilized organics. The recirculated scrubber 
water continuously passes through a phase separator. The phase separator 
collects any condensed light organic from the liquid surface and continuously 
discharges a bottom sludge containing solids, water and organics. The sludge 
is typically dewatered using a filter press. The filtered liquid is added to 
the condensed liquid. The dewatered solids are either returned to,the feed 
stream or disposed of. 

The scrubbed gas .passes to a first heat exchanger-where it is typically 
cooled to 10•F above'ambient temperature. This heat exchanger will produce 
the bulk of the liquid condensate. The carrier gas now goes to a second heat 
exchanger where it is cooled to 4o•r. Tne liquid condensates from both heat 
exchangers are mixed and allowed to gravity separate. Floating organics are 
removed for disposal. Any heavy organics (PCBs or chlorinated solvents) are 
removed from the bottom for disposal. The remaining condensed water is used 
to cool and dedust the treated solids ex~ting the dryer. 

The 40•r carrier gas now contains som~ residual moisture and organics that 
were presenc in the feed at levels equal to or less than their equilibrium 
saturation concentration at 40• F. 'lbe carrier gas is then recirculated 
through a blower. After the blower, ·s to lOt of the carrier gas is vented, 
and the remainder is heated to 400-70o•r before returning it to the dryer. 

The process vent gas stream passes through a particulate filter (typically 
a 2 micron filter) and then through a carbon adsorber, where at least SOt of 
the remaining organics will be. removed. Actual practice has shown removal 
efficiencies by the carbon ranging from 89 to 98t. ·This gas is then vented 
to the atmosphere. A 100 ton pet day X*TRAX system would release anywhere 
froar0.25 to 5 pounds per day of VOCs which is considerably lower than most 
regulatory constraints. 1 

LABORATORY TESTING PROGRAM 

Since January, 1988, CWM has operated a laboratory X*TRAX system at its 
Riverdale lechnical Center in Riverdale, Illinois. This system typically 
processes 2 to 5 lb/hr. It cons_ists of a 4-inch diameter, 48-inch long 
electrically heated tube furnace coupled to a small scale gas treatment system 
that closely simulates ~hat for the pilot and full scale systems. Although 
it is considered laboratory scale equipment, it occupies a space of about 15 
ft by 25 ft. •. 

This unit is used for treatability studies and to screen materials for 
pilot testing and commercial operations. To date, 23 separate test runs have 
been performed, with 19 being on actual RCRA and TSCA waste materials. The 
laboratory system·was operated under CWK's TSCA R&D permit for the Riverdale 
Center, as well as CUM's Illinois authorization for RCRA treatability studies. 

In September of 1989 the system was transferred to Cham-Nuclear Systems 
Inc. (CNSI) in Barnwell, SC. CNSI is using the system to evaluate the 
applicability of X*TRAX to treating mixed (Radioactive/Hazardous) wastes. A 

4 
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second laboratory X*TRAX system is being constructed and will be operational 
in early March at the new Ct,..'M R&D facilit:·; located in Geneva. IL. A new TSCA 
R&D permit was granted on January 30, 1990. 

Table l presents the results on a simulated Superfund soil mixture prepared 
for EPA. This material was originally referred t.o Qy EPA as the Synthetic 
Analytical Reference Matrix, or SARM~ It is now c-alled Synthetic Soil Hatr,.tx. 
or SSM. SSM-1 had high organics concentration and low metals concentration. 
For both the volatile and semi-volatile organics, better than 90' removal was 
achieved. · 

TAIL! 1 

LABORATORY X*TRAX 
SSK·I 

Feed Product ' C011lpound Conc<ppm> ConCCppm> Removal 

VOLATILES: 
Acetone 2,600 16.0 99.3 :" 
Total Xylene 2,400 9.50 99.60 
Ethylbenzene 1,600 5.20 99.68 
Styrene 200 < 0.005 > 99.99 
Tetrachloroethylene 150 0.094 99.94 
Chlorobenzene 110 0.180 99.84 
1,2 Dichloroethane 38 0.062 99.84 

SEMI-VOLATILES: 
Anthracene . 4,6~0 12.0 99.74 
Bis(2-Ethylhexyl)Phthalate 2,380 < 0.33 > 99.99 
Pentachlorophenol 497 2.8 99.44 

Recently, CWK has performed lab test runs on three soil samples from sites 
pl~ing on sta~ting remedia~ion in the near future. These are all 
contaminated soils from large hazardous waste site cleanups. The first vas 
from a Superfund site with primarily PC& contamination, but also wtth some 
volatile organic contamination. The soil matrix consisted of silt, clay and 
gravel. Results are presented in Table 2. Of particular interest with this 
material was the presence of Arochlor 1260, the highest boiling PCB. The 
treatment standard for this site was 13 ppm total PCB. Although the treated 
product had total PCB levels of 17.2 ppm which is above the treatment 
standard, the 13 ppm treatment standard for this material can most likely be 
achieved. ' 

compound 

PCBs 
Total Xylenes 
1,2,4 Trichlorobenzene 
Di-N-Butylphthalate 
Pentachlorobenzene 

TAIL! 2 

LABORATORY X*TRAX 
Silt, Clay, Gravel 

Feed 
ConeCppm> 

805 
18.8 
24.8 
13.2 
11.6 

Product 
Conc<ppm> 

17.2 
< 0.125 
< 0.330 
< 0.330 
< 0.330 

' Removal 

97.9 
> 99.3 
> 98.7 
> 97.5 
> 97.1 

s 



The second test run was on a clay soil. also f:om a Superfund site that ~as 
highly contaminated :..·ith ?CB's :..·ith total PCB ~evels at: 3.7\ (36,935 pprn). 
This material had been previously tested in che laboratory system, with the 
best result being product PCB levels of 534 ppm. By optimiz~ng the operating 
parameters and gas flow, the PCBs were reduced to below the detection limit 
of 2 ppm in the product. This outstanding result is very encouraging from a 
difficult' to treat matrix like clay with very high PCB levels in the feed. 

The most. recent test run was really a series of four tests on soil, pond 
sludge and mixtures thereof. These aaterials were all .• from the same site, 
Which is a large remediation project estiaated to have in excess of 500,000 
cubic yards of contaminated material. The organic c·ont.amination was a complex 
mixture of chlorinated semi·volatlle organics, aroaatics and organic solvents . 

. A summary of the test results are presented in Table 3. One of the tests is 
not reported due to unresolved conflicts in the analytical results. 

R.unBo. 
DB0627 
Clay Soil 

:DB0629 
Soil/Sludge 

DB0710 
Sludge 

TABLE 3 

Laboratoiy~Z*TIAX 
Non-PCB Soils, Sluda•• and Mixtures 

Parneter 
Total Solids (') 
Ash (') 
3, 3'-Dichlordbenzidine 
Nitrobenzene 
Azobenzene 
2-Chloroanaline 
Benzidine 

Total Solids (') 
Ash (') 
3,3'-Dichlordbenz~dine 
Azobenzene 
Benzidine 

Total Solids (') 
Ash (') 
3,3'-Dichlordbenzidine 
Azobenzene 

(mg/kg) 
(mg/kg) 
(mg/kg) 
(mg/kg) ... 
(mg/kg) 

(mg/kg) 
(mg/kg) 
{mg/kg) 

(mg/kg) 
(mg/kg) 

Concentration 
~ Produc~ 
94.1 100 
92.6 99.8 

1,716 <0.66 
42.9 <0.33 

3.000 4.9 
779 ND 
792 ND 

73.1 100 .. 
Jl .. 6 99.7 
.700 <0.66 

'44.6 ND 
13.0 ND 

47.0 100 
44.7 100 

503 <0.66 
16.8 NO 

Treatment standards for this remediation have not yet been developed. If 
required treatment levels are set on a risk basis, it is very probable that 
the X*TRAX treated product would be acceptable. 

PILQT TESTING PRQGRAH 

The 'ilot X*TRAX system is a mobile unit mounted on two semi trailers: one 
containing the dryer and another containing the gas treatment system. The 
pilot system has a nominal capacity of 5 tons per day for a feed material 
.containing 30' moisture. Figure 2 is an artists rendering of the . pilot 
X*TP.AX system. 

The pilot system became operational in January, 1988. It was then tested 
on simulated contaminated soil feeds until July. During that time over forty 
tests were performed and in excess of 50 tons of aaterial were processed. 
~.ese tests proved the operability and reliability of the major pieces of 
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equipmenc that were chosen for ~he X*TP~ syscem. They also established a 
large body cf da~a on the effectiveness of the separation ?rocess for various 
organic chemicals from a number of different soil matrices. These data are 
briefly summarized in Table 4. Also, material balance, heat transfer and 
effluent quality data were also gathered and factored into the design of the 
full scale X*TRAX Model 200 system. 

compound 

Methyl Ethyl Ketone 
Tetrachloroethylene 
Chlorobenzene 
Xylene 
1,4 Dichlorobenzene 
1,2 Dichlorobenzene 
Hexachlorobenzene 

TABLE 4 

PILOT X*TRAX· 
StnUlOGATE FEED HATEltiALS. 

Feed Product 
ConcCppbl ConcCppbl 

100;900 < 100.0 
91,000 15.6 
61,810 6.5· 
56,365 2.8 
78,400 1.4 

537,000 74.1 
79,,200 300.0 

' Removal 

> 99.90 
99. 9;l 
99.9t\ 
99.99 
99.99 
99.99 
99.62 

The pilot system was then disassembled and transported to the DOE's Oak 
Ridge Gaseous Diffusion Plant in Tennessee Where it was demonstrated on a 
mixed waste stream containing both RCRA regulated organics and metals and DOE 
regulated radioactive materials .-s This test vas successfully completed in late 
October, 1988, and the unit was then decontaminated and refurbished in 
preparation for its next phase of testing. P.adiological material containment 
was very effective. All tests were run in a minimally controlled area of the 
facilities parking area, with no radiological related problems . • 
. After refurbishment, the unit was installed in the spring of 1989 at CWM' s 
'Kettleman Hills facility in central California for a rigorous sari's of tests 
on actual TSCA and RCRA regulated waste materials. Kettleman Hills is a fully 
p~itted RCRA and TSCA treatment, storage and disposal facility. The pilot 
unit will be operated there at least through 1990 as a research project. 

The system is operated under a variety of permits at Kettleman. The most 
basic of these is an operating permit from Kings County, allowing CWM to have 
an air emission source. C\lM also has a variance from the Caiifornia 
Department of Health Services to treat non-RCRA wastes such as California 
special wastes~ The testing on PCB materials was·conducted under a three 
month R&D permit from the EPA's TSCA branch, which expired October 4, 1989. 
A 90 day extension was granted starting November 1, 1989. CYM has also filed. 
for a RCRA RD&D permit to allo"" for 'tes,ting on RCR.A regulated materials. This 
permit request is currently under review and is expected to be approved to 
allow RCRA.testing in Kay of 1990 .. 

A total of ten PCB containing soils were evaluated under the TSCA R&D 
permit. The last test was completed on January 26, 1990. Approximately 20 
tons of material was processed. 

The first test run that was made on a PCB material was conducted on July 
27, 1989. The material was a sandy soil with some clay tak'en ·from a ~uperfund 
site. Tne site had formerly been.used for solvent recycling and was primarily 
contaminated with PCB's, but also was known to.have minor chlorinated solvent 
contami~ation. Table 5 is a summary of the performance data from this test 
run. During the test 4,960 lbs of material were processed in ten hours. The 
system performed as expected, and a small quantity of organic liquids were 
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condensed (~bout 2 quarts) chat had PCB concentrations up to 99,100 ppm. The 
resulting product samples had total PCB concentrations of 8.7-14.7 ppm, ~hich 
'"'ere substantially below the site • s treatment standard of 25 ppm. These 
results demonstrated at a relatively large scale that X*TRAX can separate 
PCB' s from soil and produce a created product with very low residual PCB 
concentration. 

TABLE S 

PIIDT J:*TR.AX 
Sandy Soil vith PCBs (0727) 

Feed Produce ' Compound Conc(ppm> ConcCppm) llemoyal 

PCBs 1,480 8.7 99.4 
1,2,4-Trichlorobenzene 2.9 ND > 99.9 
Di-N-Bucylphthalate 1.0 0;24 76.0 
Bis(2-Ethylhexyl)Ph~halate 9.1 0.18 98:o 

·'-" ' The second test on a PCB material vas on a soil matrix of clay, silt and 
gravel. This soil was from the same site described previously as being tested 
in the laboratory unit (see Table 2) • As mentioned. above, this was a 
Superfund site with primarily PCB contamination, but al-so having some solvent 
contamination. During. this second test run 4,484 lb. of material were 
processed. The results are presented in Table 6. The PCB' s were reduced over 
99t to 19 ppm. 

'!'ABLE 6 
Pilot .J:*'l'llAJ: - • 

Clay, Silt & Gravel Vith PCBs (0810) 

Parameur 

Total Solids 
TPH 
PCB (1254) 
1,2,4-Trichlorobenzine 
Di-N-Butylphthalate 
Bis(2-Ethy~hexyl) Phthalate 

(\) 
(mg,lkg) 
(mg,lkg) 
(llg/k&) 
(mg/k&) 
(mg,lkg) 

Concentration 
Feed Product 

88.5 
1,400 
2,800 

6.8 
6.9 
4.7 

100 
34 
19 
ND 

0.18 
ND 

' Removal 

NA 
97.6 
99.3 

>98.0 
97.4 

>97.2 

It should be pointed out that the solids feed system has presented the most 
problems during operation of the pilot X*TRAX- Soils with high sand 
concentrations presented few problems. Soils with high clay content proved 
very ~ifficult to convey at a constant rate, and sometimes at any rate. Over 
the last two years four different feed systems have been tried. Each of the 
first three were modified several times before progressing to the next design. 
The current feed system has proven itself capable of metering and conveying 
anything from dry sand to damp clay that had to be picked out of an inverted 
drum. 



~*TRAX Model 200 - Full Scale Production Svstem 

System Description 

The X*TRAX Model 200 is a full scale production system that was constructed 
for onsite cleanup of contaminated soil. The_system is capable of treat~ng 
125 tons per day of contaminated soil with a moisture content of 20\. Like 
the pilot system, the Model 200 has a rotary dryer and a gas ·treatment system; 
however, they are much larger, requiring the use of modular construction 
techniques. The Model 200_is fully transportable~·conshting of three semi 
trailers, one control room trailer, eight equipment skids and various pieces 
of removable equipment. Figure 3 is an artist's rendering of the Model 200 
system. The area required for the equipment measures about by 120 ft. by 120 
ft. 

All of the equipment has been designed for over the road transport. anywhere 
in the U.S. or Canada. The dryer 1s th~ lar;gest of i~s kind that can be 
transported over the road. The components are mobilized" to the project site 
and assembled using a relatively small 15 ton crane. Approxlaately three to 
four weeks is required to completely install the equipment. Site preparation 
involves grading the site"level and proViding a firm base such as compacted 
gravel. Concrete footings are not usually required; however concrete 
housekeeping pads may be required. All skids or trailers that normally 
contain liquids have integral liquid containment curbs for spill control. · 

The system requires three phase, 460 volt electric power, propane storage 
tanks, and a liquid nitrogen storage tank. The electric motors are sized such 
that the system can be operated from a commercially available diesel generator 
if electrlc power is not available at the site. 

Operation of the Model 200 involves screening the feed material to remove 
oversize material such as rocks, wood, etc. The material Handling system 
limitation is 2.25 inch size materials. Screened material is then placed into 
the system's feed hopper-· directly from a front end loader. The feed is then 
conveyed into the dryer;·Where ~e organics are thermally separated from the 
solids. The hot solids are conveyed from the dryer to the system's product 
cooler, where previously condensed water is added to cool and dedust the 
product. Treated product is conveyed from the system and stockpiled, and is 
then typically returned to the site as backfill after confirmatory analysis 
shows that the treatment standard has been met. ~ 

The gas treatment system employs an eductor scrubber for particulate solids 
removal, followed by. two condensers: the first air cooled and the second 
refrigerated. This process design is identical to the pilot system. The 
condensed organic liquids are phase separated in an inclined plate separator 
and stored in holding tanks for disposal. The scrubber's phase separator has 
both sludge and scum removal capability. Sludge and scum are accumulated in 
tanks and then filtered with a skid mounted filter press. Filtrate is 
recycled to the system, phase separated organics are stored•for disposal and 
filter cake is either t•processed as feed to the dryer or disposed of. 

The X*TRAX Model 200 is monitored from the control trailer, which is a 
heated and air conditioned portable office trailer. All aspects of system 
operation can be monitored from the control trailer, and all essential process 
control parameters can· be adjusted. Field operations include feeding the 
unit, performing liquid transfers between storage tanks and operating the 
filter press. 
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Construction a~d Testing Status 

Cons~ruc~ion of ~he X*TRAX Model 200 system has been essen~ially comple~ed. 
As of ~he end of Augus~. the unit is undergoing final checkout prior ~o a 

series of performance tests in which the unit will be operated on nonregulated 
materials. to verify function and reliability of all of the pieces of 
equipment. · 

The Hodel 200 system has been operated on non-contaminated feed materials 
at rates of over 120 tons per day. A new feed systea is in the final design 
stages based on the current feed system being used for the pilot unit. The 
commercial unit will be transpor~ed to North Dartmouth, HA during the second 
quarter of 1990. The X*TRAX system will be used to remove PCB's fl'om 

·approximately 35,000 tons of soil at the Resolve Site. The condensed oil from 
X*TRAX will then be dechlorinated. 

CONCLUSION$ 
. 

The X*TRAX process has been demonstrated to be an effective 118thod for 
removing organic contaminants from soils. Even very hi&h boiling compounds 
such as PCB' s can be reduced to low levels in the treated soil. The 
la~oratory scale X*TRAX has proven to be ideal for feasibility testing on 
relatively small samples (50 pounds). The pilot scale system requires at 
least 2 tons o-f sample and produces data that can be used to accurately' 
estimate a remediation. The first commercial system will become operational 
during the second quarter of 1990 on a Superfund site. 

Treatment prices are highly dependent on 111any variables, but will typically 
range from $150.00 to $250.00 per ton of feed processed. 
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_ EXIJWIT 3.1-1 

LABORATORY X*TRAX- Test Run Summary 

SAMPLE DESCRIPTION 

Top soil contaminated with PCBs 

Filtered sludge contaminated 
with Toluene. 
Fed the as received material. 

OPERATING CONDITION 
Temperature (°F) Res. Time 
Shell Product (mig} 

600 620 92 

800 700 92 

COMPOUND 

Total PCBa 

Toluene 
2-Butanone 
Methylene Chloride 

• ·. • .·' •. • • • • ·~:··· <::-::: ::> • • • ' ' , ',•,•,•: ''·'~~·:::' •,;.•.· 'N :.,.:~•:'• :0' :-:•:: 

· S.n.d and t10()r dry rnatrh 8pili:e<l 
With 1~ No. 2 tueJ oil and iOO ppm-, · .. ·. · 

. . •••<FT' ·... 40~ . Trieh1~r~thyi~;- ·;: . . ... 
,, ·,< · ·.•• ... ·.· Total Xjylenea < ; ·. 

. Trlehlo~ylene. ... · , ~ , _, / ,-

Synthentic Analytical Reference 
Matrix (SARM-1). A surrogate 
superfund soii with high organics 
and low metals. 

Red day fr~m South Carolina · 
con!.arninBtcd with PCBs. 

800 

800 

... 92 

.: -~:. ·:::~ :: 

4·M~tbyl.o2~PehtMbllfi .•• 
.: ...... ::~.-:-< .· .· 

Anthracene 
Bis(2-ethylhexyl)phthalate 
Pentachlorophenol 
Acetone 
Total Xylenes 
Ethylbenzene 
Styrene 
Tetrachloroethylene 
Ch lorobenzene 
1,2-Dichloroethane 

Totitt PCBs 
Arochlor 1016 
~rochlor ·l~ 

CONCENTRATION (ppm) 
.Ei:.e..d. £md 2i? Removal 

330.0 

2.4 
2.2 
1.4 

?ii.o 
13.0 

,5.0 .•...•. 

4,650.0 
2,380.0 

497.0 
2,600.0 
2,400.0 
1,600.0 

200.0 
150.0 
110.0 
38.0 

21,920.0 
20,100.0 

1,820.() 

<5.0 >98.50 

0,450 1 81.25 
1.000 54.55 

<0.005 >99.64 

<0.05 >99.60 
<0.05 >99.60 

. <0;10. >98.00 
· .. :·.·==·.·.·=?·:·. n=:::.-.:.: 

182.00 96.09 
<0.33 >99.99 
<1.60 >99.68 

16.0 99.38 
9.5 99.60 
5.2 99.68 

<0.005 >99.998 
0.094 99.94 
0.180 99.84 
0.062 99.84 

1,55-LO 92.91 
1,390.0. 93.08 
16~0 90.99 



RUN 
1 

8 

10 

EXBWIT 3.1-1 <Continued> 

LABORATORY X*TRAX- Test Run Summary 

Sand and floor dry. matrix· spiked 
with 2% mineral oil and.PCBs 

Synthenic Analytical Reference 
Matrix (SARM - 1). A surrogate 
superfund soil with high organics 
and low metals. 

OPERATING CONDITION 
Temperature (0 F) Res. -Time 
Shell Product (min) 

800 685 92 

850 607 100 

COMPOUND 

Total PCBa 
Arodor 1242 
Aroclor 1254 

Anthracene 
Bis (2 • ethylhexy)) phthalate 
Pentachlorophenol 
Acetone 
Total Xylenes 
Ethylbenzene 
Styrene 
Tetrachloroethylene 
Ch lorobenzen e 

CONCENTRATION (ppm) 
~ Emil % Bemoyal 

2,569.0 
1,379.0 
1,190.0 

2,705 
2,630 

346 
25 

128 
71 
19 
1 
3 

135.0 
78.0 
57.0 

<0.33 
2.8 
1.7 

<0.05 
<0.05 
<0.05 
<0.05 
<0.05 

94.75 
94.34 
95.21 

99.56 
>99.99 

99.19 
93.20 

>99.96 
>99.93 
>99.74 
>96.43 
>98.15 



RUN 
1 

13 

18 

EXUWIT 3.1-1 <Continued) 

LABORATORY X*TRAX- Test ·Run Summary 

OPERATING CONDITIONS 
Temperature (°F) Res. Time 

SAMPLE DESCRIPTION 

Sand contaminated with PCBa 

Red clayish topsoil from South 
Carolina contaminated with PCBs 

Shell PmsJuct Cminl 

800 666 40 

850 ••• 100 

COMPOUND 

Total PCBa 
Aroclor 1016 
Aroclor 1254 

Total PCBs 

.• 

.. 
CONCENTRATION (ppm) 
~ l!md % Bemoyal 

5,740 
3,290 
2,450 

36,900 

5.3 
2.5 
2.8 

<2.0 

99.91 
99.92 
99.89 

>99.99 

• In Run 113 the values for the feed concentration were adjusted by a factor often because of apparent low level of 
PCBs in the sample analyzed. 



Run 

EXHWIT 3.1·2 
EXPERil\1El'I..,AL DATA USING CWM PILOT SCALE X*TRAX 

Solvent Spiked Feed Results 

Product cone. 
Other 

~~ 
Spike 
Material Organics 

':··Feed 
Boiling Pt. ·Cone 
CD ~ 

ug!kg % Removal 
2 hrs 4hn i.hn 

21 Xylene 
Ethly lberu:ene 

281-292 
277 

56',365 
13,135 

7.9 
,3.3 

2.8 - 99.995 
2.5 99.981 

.. .22:. '!richl~~lioe·--::·-· , ·::::::-·:·:,,:,:' .... ,,:·: '--·.-::::-:''89'0<?':::-:o:::::>:::t:·:·::o~-:g'Si):'/'': :.···£?'· ·:,:o:::"'o·:·-o:::·:::: .·,.·_··.·· ., 

*tc . . ;,: %i:i''!i&!i}i ;~' .... , ' ' . ·_-_,-,,·_·-~_,_-, ~--·•le_uen_J_ .. _··_._ .• _'_: ... _·:_ ._··_ .• _ •• _\_._:_.,_ .• __ '5,\: ··-•-••--_·_;_: __ •.• _··-•-·-·-·-·-•-2-~-7~-·--_711_:_ :_, •• _._t_ •• _._,:_-_._·._·~·--,:_:_;_Jl_l_: ___ :,_:,:_-._,·_~,._-_.,.,._,:_:,._.,i_,-_-, •• _:,._, •• ,_:,•·--'···-'---·-··:_._ •• _ •• __ -_4;_ •• -_1 ___ • __ ._:.=_,_-_1-_ •. _-_-_._•l·_-_.-_-._ .• 0 •• _. __ ._. __ -_\: .• :·•·--·_.!:··'-; __ ::_: ___ ,_,_._:_: ____ ._· __ 421 __ , __ ~.·· ___ -0g_-_:_-_,_-_ •• __ ':·- J[~~ ;,, :S:i~ 
>> / . ·- '•' o•: : ' '~ ,,,,,,, ·O: <> '~-- .... '': ., ~~v..- . ~ .... i:k-~.0 -. .t.:9s.98° 

: ~: ::::/:.; . :=~ (:_:>:~- · .;c -~-: >.<" ::.:-:-:-~~,:.:-.-:-:;.·. :·.;..: .. ..:<;.-~.;:Ov·:;.-:·.<.(..:(. ·· . .::}=~-L~ :-L·:_.: ·.·,.;.·. -:-·,:.::x>>,.·..:~-·.:.·- -.:~--~---~.: _{.· .::: ::~ ~.:.;.;..:~-:::·;.~;,-;:.;:<·.·:;:-:,,:;:..: .. ..:.·.;:;;.;~.:~~-:=:«::.;:~~~~..;::-.;.;:~:-~::~:-: :::~;;~:::·.;: :-:-~; ;.:-.·.::·:·.::·:·:· ;.;:; ;.-.:: :; .:. ::_: <~~-::::·.·:::<:· :-· 

Methyl Ethyl ketone 

26 1,4 Dichlorobenzene 
<-. 

29 Tetrachloroethylene 

Toluene 
Ethylberu:ene 
Xylene 

175 100,900 

345 78,400 
231 6,790 
277 7,550 
281 - 292 16,150 . 

600 < 100 <99.90l 

1.8 
2.4 
0.9 
3.2 

1.4 
0.8 
0.8 
2.9 

99.998 
99.988 
99.989 
99.982 

. · •... -•••. · ...... ·.·.·• -~·- .. · · · ·.<.: -:· -·-::;:;._:;,:_:;;.v.:;.; .. ;,:;:.x::::;:;:::;:;:;.;;:;:;:;~;~:.:~~;:;.;:;:;:;:: ·.·.·.·.·.-..... :-·:.:;:;._ :-~.: .. ;:_:; .. :;.· :· ·. ·:-· ·. · 

Toluene 
Ethylberu:ene 
Xylene 

250 
231 
277 
281. 292 

83,900 
1,720 
5,785 
8,700 

4.8 
1.2 

< 1.0 
< 2.3 

< ~ ~~ <99.99~ 
< l.O <99.942. 
< 1.0 <99.983 
< 2.0 <99.977 

·-- •. -.············ ·:,·~;.'Cb'l~ft~~-: :::,~--: -------::,._«<·z-~~- x" · ·.1:!~--'i-::·::f;}-':~8~:;·:-~1~~, ,,, 12.9- ··<1.1• ---99.996 
· • • · , __ :--:i:::;;:::a:e~~eth3_: _ ~~~~ .: .u,, , ; : ---· ·--- --··--- -······· -- ---- -- --- ···-- --- ------ -·- .--·······-1.0 ( 99.998 

· -_ ------,, ---.-_,_,_,_,_,,_,_,_,___________________________ ·· _:·_•••-••_Tc>_' __ .1hene_: • > · _ · : i __ •_•:••-•-•_•.·,-:·•_-.• __ .• _._.:··-~,--,,_17,'_-·•,-_-_:_1_,-_._-•• J.•.-_ l_-_l.l __ ,-.••• _:_•_-:• __ ,;·_,_i ___ .:-._-_, •. -,.-:-•,.•.•.-'•,·,-__ ,: ___ ,l_.,._• .• •:-.i,_.!_.,l,_,i::·_•_•_i ___ •. •,•_• ___ .-_:·-·_,.: __ ,"_,:_. __ ,-_•,.l_,-_• __ ,,•:•

3
.;_._:_:·,550•.::0_.--._-····-_r_._._··••_ •-_-,•--<··-···-i

1
:_-•
0
i -< Lo -····-· <99 .s9s ...• ···-···· ::t;·:\;;-;·~;_']j'/·':'::~'·:'·······-··--·-·-·-·-··· .- Eth1Iben2:~ne-.-• ~ .-<-1.0_ .· <99.972 

.... 
, __ .. _. __ '_' . ------:-·o·-:-<· .. o :·:o-<·}oo_:_•·.•o.'_':_.,:· ·_-,': __ -._Y __ u -~--..;.;., -_·:.. ---- _:_·. -':>::f< (' :-- • . N~IW · : .·· :·:: :· .. ~Sf;.'m_ ·_- ___ -_)_ ••••. _::· __ : __ •. -_F_:·;_l.~l50 __ --_- :·:-.- < 2A < 2.0 <99.982 

·.;.:._.:::·::· .... :: .. :::;.;.-:: ::: ;::·:. -: -:--:·.; :::: :;::::~ } ~--=<->~- .. :: ::·;.;.: >.-: .. · ....... ·. .-:-::: .. :;.;~-::;:;: .... -=: .:.:· .. ·.· .. ·, . . . ·.· -:. :_:;:_.;.;.,_ :-:-: ·: 

30 (a) Chlorobenzene 269 37,820 1.1 < 1.0 <99.997 
Tetrachloroethylene 250 44,440 < 1.0 < 1.0 <99.998 

Toluene 231 981 < 1.0 < 1.0 <99.898 
Ethylbenzene 277 3,550 < 1.0 < 1.0 <99.972 
Xylene 281. 292 11,150 < 2.0 < 2.0 <99.982 



.. 

32 (c) 

35 

36 

37 (d) 

EXHWIT 3.1-2 (Continued) 

EXPERil\lENTAL DATA USING CWM PILOT SCALE X*TRAX 
Solvent Spiked Feed Results 

Spike 
MatgriaJ 

--~ne>•··· 

. T~hloroetbylene 

Hexachlorobenzene 

Other 
Organics 

... : ::· ·.::~:::::_-~{:::r~:~r::~:1~:r =---·-·-- ·-··.-·.-. 

::::<·>-··>::· :;:-:::(:' :.: 
: :\\:.:-::;:_:~:;.>:}:::}/:::- ::·:;.·.· .· .. 

· _-Tol~~/ ->·· 
Ethylberi2&na 

Xy]!'\~ : . -·•·-··· ..... · ;, 

Toluene 
Ethylbenzene 
Xylene · 

Feed Product cone. 
Boilint Pt. Cone u~ %Removal 
C.D ~ 2 hn 4hn i..hn 

269"'' "'' x~~''i.i;OO<f···r··s [6'''(' 46:.2"'•7·:::: ·-·99~938"'::-~~; 
-· 250 . -- 91.000 , lLO. 15.~ .. · .· 99.983 - -

2:31 3.240 .·. 14.0 ? 22.2 99.315 
211 1~800. 14..1 14~1 99.881 
281- 292 ·.· 15,940 4.6 9.2 .. 99.942 

.. ··.; :·.:.::::::_:; ... •. 

613-619 
231 
277 
281- 292 

79,200 
2,730 

13,600 
8,880 

390 300 99.621 
10.0 f . .,. 99.707 
3.8 6.6 99.951 

< 2.3 < 2.1 <99.976 

·--._.-•••• __ .• -•• :·::::":r·>:t:::":•i··-· ··• :269 :.t-·: .-,~·xHiOQ···- lu id.'f J·-····-99.882-r:~ 
: >: :, __ /: .. ''. ::: .-.-_•:-·•.-· .. · ..• ·,·=::·-~1 • ·:; ·_.,=._ .•..• _-__ .••_,• __ -----_,.-__ ,·_•· __ ,. __ ,._--•-.·-·-··.· •. •·_ •. _·.· .•. -.!_·_,._,·_•,··-••.. :_.:.,'_=.-·.·_.18_.·.-_--.. _.A·_· __ : 09--~---.• ,·_·_ •. ·.·_· __ ••..••.. , •• -_.-,.- 13.9 ( 3.7··.·::: .. 99.980 .· -.. 

::~~~~ H ~ • - > • 4:1w - a::~ ) I~:: . ·:~~:~~ .. 
. _._-_•-_--__ . __ -_-_.-__ ,-_-_._···-··~--. __ ·1 __ --_·_~_-.. __ • __ -_···e· __ ._. __ -.•tJ ••• :_,•.• ••. -.•.·•·-·-· •• _._ .. _.-.• _•_ •• _.-,• · ··· • 176 -_ --_··· --• < 500 37.5 •_·- 6~1f <86.600 

""!3. ...... ..io( .. -281-292 -• 3,oso , to.a·•-·• u~~ __ --. ' 99.58,1 -- ., 
. · .. · .. · .. _:_.;-.:.::.:~;:,:;:;:;:;-;;;.;;>;.;;:;:_.:: • .;:-;;.,:;.; : .. ::::::::.::::::::.:-~. 

Chlorobenzene 
Trichloroethylene 
1,2-Dichlorobenzene 

Chlorobenzene 
1,2-Dichlorobenzene 

Toluene 
Ethylbenzene 
Benzene 
Xylene 

Toluene 
Ethylbenzene 
Benzene 
Xylene 

269 
189 
356 
231 
277 
176 
281- 292 

269 
356 
231 

. 277 
176 
281 -292 

:-.-.·.-.·=.·.-·;.,_.;._:: ...... ·._._._.,_:._._ 

1,976 
465 

19,420 
< 100 
< 100 

162 
<200 

67,300 
537,000 
< 2,000 
< 2,000 
< 2,000 
15,060 

5.5 11.6 99.413 
7.3 24.6 94.710 

24.9 26.4 99.864 
4.1 14.8 <85.200 

< 1.0 3.0 <97.000 
4.1 I 6.4 96.049 

< 2.3 < 7.3 <96.350 

121.0 46.9 99.930 
267.0 74.1 99.986 

24.9 21.2 <98.940 
5.7 5.4 <99.730 

27.2 15.5 <99.225 
18.9 17.9 99.881 

I Notes: (a) Samples taken at 8 and 12 hours. 
(b) Samples taken at 2.3 and 4.3 hours instead of2 and 4 hours. 
(c) Samples taken at 3 and 5 hours instead of2 and 4 hours. I 

(d) Samples taken at 2.5 and 5 hours instead of2 and 4 hours. 
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Desorption Treatment····· 

Purpose 

Section 121(b) of the ComP.rehensive Environmental Re
sponse, Compensation, and Uability Act (CERCLA) mandates 
the Environmental Protection Agency (EPA) to select remedies 
that "utifiZe permanent solutions and alternative treatment 
technologies or resource recovery technologies to the maxi
mum extent practicable• and to prefer remedial Ktions in 
which treatment "permanently and significantly reduces the 
volume, toxicity, or mobility of hazardous substances, pollut
ants and contaminants as a principal elemenL• The Engi
neering Bulletins are a series of documents that summarize 
the latest information available on selected treatment and site 
remediation technologies and related issues. T~ey provide 
summaries of and references for the latest information to help 
remedial project managers, on-scene coordinators, contrac
tors, and other site cleanup managers understand the type of 
data and site characteristics needed to evaluate a technology 
for potential applicability to their Superfund or other hazard
ous waste site. Those documents that describe individual 
treatment tei:hnologies focus on remedial investigation scoping 
needs.' Addenda will be issued periodically to update the 
original bulletins. 

Abstract 

Low-temper'ature thermal desorption (LTTO) is an ex situ 
means to physically separate volatile and some semivolatile 
contaminants from soil, sediments, sludges, and filter cakes. 
For wastes containing up to 10% organics or less, LTTD can 
be used alone for slte remediation. It also may find applications 
in conjunction with other technologies or be appropriate to 
specifiC operable units at a site. 

Site-specific treatability studies may be necessary to 
document the applicability and performance of an LTTO sys· 
tem. The EPA Contact indicated at the end of this bulletin can 
assist in the definition of other contacts and sources of infor
mation necessary for such treatability studies. 

l TTD is applicable to organic wastes and generally is not 
used for treating me~ls and other inorganics. Depending on 
the specific LTTD vendor selected, the technology heats con
taminated media between 200-1 000°F, driving off water and 
volatile contaminants. Offgases may be bumed ir. an after-

• [~erence number, page number] 

burner, condensed to reduce the volume to be disposed, or 
captured by carbon adsorption beds. 

Commercial-scale units exist and are in operation. LTTD 
has been selected at approximately twelve Superfund sltes 
(14].• Three Superfund Innovative Technology Evaluation 
demonstrations are planned for the next year. 

The final determination of the lowest cost alternative will 
be more sit~specific than process equipment dominated. 
This bulletin provides information on the technology applica
bility, limitations, the 1¥Pe5 of residuals produced, the lajest 
performance data, site requirements, the status of the tech-
nology, and sources for further information. · 

Technology Applicability 
l TTD has been proven effective in treating contaminated 

soils, sludges and various filter cakes. Chemical contaminants 
for which bench-scale through full-scale treatment data exist 
include primarily volatile organic compounds (VOCs), 
semivolatiles, and even higher boiling point compounds such 
as polychlorinated biphenyls (PCBs) [2][6][9][18]. The tech
nology is not effective in separating inorganics from the con
taminated medium. Volatile metals, however, may be re
moved by higher temperature LTTD systems. 

Some metals may be volatilized by the l TTD process as 
the contaminated medium is heated. The preset·.ce of chlorine 
in the waste can also significantly affect the volatilization of 
some metals, such as lead. Normally the temperature of the 
medium achieved by the process does not oxidize the metals 
present in the contaminated medium [5, p. 85]. 

The process is applkable for the separation of organics 
from refinery wastes, coal tar wastes, wood-treating wastes, 
creosote-contaminated soils, hydrocarbon<ontaminated soils, 
mixed (radioactive and haurdous) wastes, synthetic rubber 
processing wastes, and paint wastes [1, p. 2][6][1 S]. 

Performance data presented in this bulletin should not be 
considered directly applicable to other Superfund sites. A 
number of variables such as the specifiC mix and distribution 
of contaminants affect system performance. A thoroug"t 
characterization of the site and a well-designed and conducted 
treatabili:y study is highly recommended. 
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Table 1 
RCRA Coda. fOt Wastes Treated 

by Low-Temperature Thennal Desorption 

Wood T-reating Wutes KOOl 
Dissolved Air Flotatian (OAF) Float Ko.48 
Slop Oil Emulsion Solids Ko.49 
Hut E.xchanger Bundles Cloning Sludge KOSO 
American Petroleum Institute (API) 

Separator Sludge· · KOSl 
T~nk Bottoms (laded) KOS2 

Tai:H2 
Effecllvenea ot Low·Temperah .. Thermal 

Desorption on General Contaminant GfouPI 
fOt Soli, Sludge, Sediments, and Rltet Cakes 

. 
Elf«<.lwncu . 

S«/1- FIIUT 
ContGmiiiGtlt G~ --~~Sludge mmu cam 
Hllogenlted YOlatJies • y y • 
Halogenated serni¥alatfles • y y • 
Nonhalogenlted YOiables • y y • 
Nonhalogenated Mmivolatlles • y y • 
PC Is • y y y 

Pestlddes (halogenated) • y y y 

DioJdns/Hnns • y y y 

Ocganic cyanides y y y • I 
Ocganic corrosives CJ a a 0 
Volatile metals • y y y 

'Norwolatile metals a a a a 
Albestos a CJ a 0 
llaCioac:tiw materials 0 0 0 0 
Inorganic corrosives 0 a 0 0 
Inorganic cyanides 0 0 Q 0 
Oxidizers a a a a 
Reo:tucers Q 0 0 0 

8 o.non.tnlted Elf~ ISuc.cesful lr•t.bility tel .t 101M sale 
~llld 

... ~ f.tl'ediwnels: E.xpert apinian that tedlnology ..... woe\ 
0 No f...,.cted f.lfeCit..ness: hpert opinion INt tect.nalogy will not wen . . . 

Table 1 lists the codes for the specific Resource Conserva
tion and Recovery Act (RCRA) wastes that have been. treated 
by this technology [1, p.2][ 6](1 S]. The indicated codes were 
derived from vendor data where the objective was to determine 
LTTO effectiveness for these specific industrial wastes. The 
effectiveness of low-temperature thermal desorption on gen
eral conuminant groups for various matrices is shown in 
Table 2. Examples of constituents within contaminant groups 
are provided in "Technology Screening Guide For Treatment 
of CERCLA Soils and Sludges• [5, p. 1-14]. This table is based 
on the current available information or professional judgment 
where no information was available. The proven effectiveness 

I 

. 
of the technology for a particul~r si.ttrPr ..,~~ POJS"'not ensure 
that it will be effective at air,~~ Pi .~.lJ!~t{~a~ptent • 
efficiencies achieved will be acceptable at other sites. For the 
ratings used for this table, demonstrated effectiveness mons 
that. at some scale, treatability was tested to show the tech
nology was effective for that particular contaminant and me
dium. The ratings of potential effectiveness, or no expected 
effectiveness are both based upon expert judgment.. Where 
potential effectiveness is indicated, the technology is beiieved 
apable of successfully treating the contaminan~.group in a 
particular medium. When the technolagy is not applkable or 
will p~~a~ly !'10t ~rk for a particular combination of con
taminant group and medium, a no-expected-effectiveness 
rating is given. Another source· of general observations and 
average removal effiCiencies for different treatability groups is 
contained in the Superfund Land Disposal Restrictions (lDR) 
Guide t16A. •obtaining a Soil and Debris Treatability V~ance 
for Remedial Actioris, • (OSWER OirecJve 9347.3-06FS, July 
1989) [22] and Superfund LDR Guide 168, •obtaining a Soil 
and Debris Treatabilit¥Variancefor Removal Actions,• (OSWER 
Directive 9347.3-07FS. December 1989) [20] • 

Umitations 
The primary teChnical factor affecting LrrD performance 

is the maximum bed temperature achieved. Since the basis of 
the process is physical removal from the medium by volatil
ization, bed temperature directly determines which organics 
will be removed. · -

The contaminated medium must contain at least 20 per
cent solids to facilitate placement of the waste material into 
the desorption equipment [2, p. 9]. Some systems specify a 
minimum of 30 peteent sorads [7, p. 6]. 

As the medium is heated and .passes through the kiln or 
desorber, energy is lost In heating moisture contained In the · 
contaminated soil. A very high moisture content an result in 
low contaminant volatifiZation or a need to reqde the soil 
through the desorber. High moisture content. therefore. 
causes increased treatment costs. ___./ 

Material handling of soils that are tightly aggregated or 
largely clay, or that contain rod fragments or particles greater 
than 1-l.S inches can result in poor processing performance 
due to caking; Also, if a high fraction of fine silt or day exists 
in the matrix, fugitive dusts will be generated [5, p. 83] and a 
greater dust loading will be placed on the downstream air 
poilu~ control e-quipment [7, p. 6]. 

The treated medium will typically contain less than 1 
percent moisture. Dust an easily fonn in the transfer of the 
treated medium froni the desorption unit. but can be mitigated 
by water sprays. Normally, clean water from air pollution 
control devices cim be used for this purpose. 

Although volatile organia are the primary target of the 
lTTD technology, the total organic loading is limited by some 
systems to up to 10 Pfrcent or less (-4, p. fi-30]. As in most 
systems that use 1 reactor or other equipment to process 
wastes, a medium exhibiting a very high pH (greater than 11) 
or very low pH (less than 5) may corrode the system compo
nents [S, p. 85]. 
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There is evidence with same system configurations that 
polymers may foul and/or plug heat transfer surfaces (2, p. 9]. 
Laboratory/field tests of l no s~tems have documented the 
deposition of insoluble brown tars (presumably phi!OOiic tars) 
on internal system components (8, p. 76]. 

High concentrations of inorganic constituents and/or 
metals will likely not be effectively treated by LTTD. The 
maxim~.;m bed temperature and the presence of chlorine an 
result in volatiflzation of some inorganic constituents in the 
waste, however. 

Technology Description 
LTIO is any of a number of processes that use either 

indirect or direct i1dt exchange to vaporize organic contami
nants from soil or slu~ge. Air, combustiOn gas, or inert gas is 
used as the transfer medium for the vaporized components. 
LTTD systems are ph~ical separation processes and are not 
designed to provide high levels .of organic destruction, al
though the higher temperatures of some systems will result in 
localized ,oxidation and/or pyrolysis. llTD is not incineration, 
since the destruction of organic contaminants is not the desired 
result. The bed temperatures achieved and residence times 
designed into LTTD systems will wlatilize selected contami
nants, but typically not oxidize or destroy them. System per· 
formance is typically measured by comparison of untreated 
soil/sludge contaminant levels with those of the processed 
soil/sludge. Soil/sludge is typically heated to 200 • 1 000" F, 
based on the liTO system selected. 

Figure 1 is a general schematic of the low-temperature 
thermal desorption process. 

Waste material handling (1) requires excavation of the 
con~minated soil or sludge or delivery of filter cake to the 
system. Typically, large objects greater than l.S inches are 
screened from the medium and rejected. The medium is then 
deriVered by gravity to the desorber inlet or conveyed by 
augers to i feed hopper (1, p. 1 }. 

SignifiCant system variation exists in the desorption step 
(2). The dryer can be an indirectly fired rotary asphalt kiln, a 

single (or set of) internally heated screw auger(s), or a serie of 
externally heated distillation chambers. The latter proc6S 
uses annular augers to move the medium from one volatiliza
tion zone to the next. Additionally, testing and demonstration 
data exist for a fluidized bed desorption s~tem (7]. 

The waste is intimately contacted with a heat transfer 
surface, and highly wlatile components (including water) are 
driven off. An inert gas, such as nitrogen, may be injf:Cted in a 
countercurrent sweep stream to prevent Contaminant com. 
bustion and to vaporize and remove the contaminanu (1, p. 
1][6]. Other systems simply direct the hot gas stream from 
the desorption unit [2, p. 5](9}. 

The actual bed temperature and residenCe tinie are the 
primary factors affecting perfonnance in lTTO. These param
eters are controDed in the desorption unit by using a series of 
increasing temperature zones [1, p. 1 L multiple passes of the 
medium through the desorber where the operating tempera
ture is sequentially increased, separate compartments where 
the heat transfer fluid temperature is highe.·, or sequential 
processing into higher temperature zones (1 0](11 ]. Heat 
transfer fluids used to date include hot combustion gases, hot 
oil, steam, and molten salts. 

Offgas from desorption is typically processed (3) to re· 
move particulates. Volatiles in the offgas may be bumed in an 
afterburner, collected on activated carbon, or recovered in 
condensation equipment. The selection of the gas treatment 
system will depend on the concentrations of the contaminants, 
dean up standards, and the economics of the offgas treatment 
system(s) employed. 

Process Residuals 
Operation of LiTO systems typically creates up to six 

process residual streams: treated medium, oversized medium 
rejects, condensed c.Ontaminants and water, particulate con
trol system dust. dean offgas, and spent carbon (if used). 
Treated medium, debris and oversized rejects may be suitable 
for return onsite. ., 

Rgurel 
SetwNnaHe Diagram ot I.Dw Temperature Thermal Desorption 

MaWi&l 
Handing 

(1) 

lr=l 
t-=:J 
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Condemed water may be used iU a dust suppressan~ for 
the treated medium. Scrubber purge water can be purified 
and returned to the site wastewater treatment facility (if 
available}, disposed to the sewer [2, p. 8] [1, p. 2] [6, p. 2], or 
used for rehumidific.ation And cooling of the hot, dusty me
dia. Concentrated, condensed organic contaminants are 
containerized for further treatment or recovery. 

Owt collected from ~rtkulate control deYices may be 
combined with the treated medium or, depencfcng on analy
ses for carryover conl!mination, recycled through the des
orption uniL 

Oean offgas is released tD the atmosphere. If Used, spent 
carbon may be rec)'ded by the original supplier or other such 
processor. 

Site Requirements 
L TTD systems are transported typically on specifically 

adapted flatbed semitnlilers. Since most systems consist of 
three components (desorber, particulate control, and gas 
treatment}, space requirements on site are typically less than 
50 fee! by 1 SO feet, exclusive of materials handling and 
decontamina!K>n areas. 

Standard .WOV, three-phase electrical service is needed. 
Water must be available at.the site. The quantity of water 
needed is vendor And site specific. 

Treatment of contaminated soils or other waste materials 
require that a site safety plan be developed to provide for 
personnel protection and special handling mpasures. Storage 
should be provided to hold the process product streams until 
they have been tested to determine their acceptability for 
disposal or release. Depending upon ~e site, a method to 
store.,waste that has been prepared for treatment may be 
necessary. Storage capac:lty will depend on wmte volume. 

Onsite analytical equipment capable of determining site
specifiC organic compounds for performance assessment make 
the operation more effiCient and provide better information 
for process control. 

Table 3 
PCB Contaminated Solis 

PUot x·tRAXN 

Feed ,roduct •movot· 
Matrix (ppm) (ppm) (96) 

Clay 5,000 2<4 99.5 

Silty Clly 2.100 ,.~ 99.5 

a.y 1,600 <4.6 99.7 

Sandy l,<CIO 8.7 99.1 

Cay 610 17 97.3 

Source: Chemial Waste Mgmt, Inc.; 5 TPD unit 

Performance Data 
Several LTTD vendors report perfonnance dat.l for their 

respective systems ranging from laboratory treatability studies 
to full-.scale operation at designated Superfund sites 
[12][15][17]. These data are included as a ge_neral guideline 
to the performance of LTIO equipment, and may not be 
directJy transferrable to a _specific Superfund site. Good site 
characteriz.ation and treatability studies are essential in further 
refining and screening the LTID technology. ' · 

Chern Waste Management's (CWM's} X-TRAX,... System 
has been tested at labo~tory and pilot scale. Pilot tests were 
performed at CWM's Kettleman HiRs fac:inty in California. 
Twenty tons of PCB- and organic-contaminated soils were 
processed through the S TPD pilot system. Tables 3 and 4 
present the results of PCB sepa~tion from soil and total 
hydrocarbon emi~ from the system, respectively (6]. 

Weston hu ·applied its low-temperature thermal treat
ment (l~ system tD various contaminated soils at bench
scale through full-scale projects (19]. Table S presents a 
synopsis of system and perfonnance data for a full-scale J 
treatment of soil contaminated with No. 2 fuel oil and gasoline 
at a site in Illinois,. 

Canonie Environmental has extensive performance data 
for its Low Temperature Thermal Aeration (LTTAIM) system at 
fuU-scale operation (1 S-2Q cu. yds. per hour). The LTTAsw has 
been applied at the McKin (Maine), Ottati and Goss (N~ 
Hampshire) and Cannon Engineering Corp. (Massachusetts) 
Superfund sites and the South Keamey (New Jersey} site. 
Table 6 presents a summary of Canonie LTTAsw data [9]. 

T.D.I. Services, Jnc. has demonstrated its HT-5 Thermal 
Distillation Process at pilot- and full-scale for a variety of 
RCRA-Iisted and other wutes that were prepared to simulate 
American Petroleum Institute (API) refinery sludge [1 ]. The 
company has conducted pilot· and full-scale testing with the 
API sludge to demonstrate the system's ability to meet Land 
Ban Disposal requirements for K048 through K052 wastes. 
Independent evaluation by Law Environment.\! confirms that ._/ 

Table A 
Pilot X"TRAXN 

TSCA Testing- Vent Emissions 

Tol41 Hydi'OCIUbons 
(p,-V) 

•~ore Alr6 ~I voc 
Carbon Corbon I ("} (rbs/day) 

1,320 57 95.6 0.02 

1,031 72 93.0 0.03 

530 35 93.0 o:o1 

2.,950 170 94.2 "'b.07 

2.100 110 91.4 0.08 

Source: Chemic.AI Waste Mgmt, Inc.; 5 TPD unit 

KJ• 
(mq/ml) 

<0.00056 

<0.00055 

<0.00051 

<0.000511 

<0.00052 

•Note: OSHA permits 0.50 mgfml PCB (125<4) for 8-hr 
eiiJ)OSUI'e. 
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the requirements were met, except for TCLP levels of nickel, 
which were blamed on a need to "wear-in"' the HT-5 system 
[3, p. ii]. 

Remediation Technologies, Inc. (ReTec) has performed 
numerous tests on RCRA-listed petroleum refinery wastes. 
Table 7 presents results from treatment of refinery vacuum 

Table 5 
Full-Seale Perlonnance R.ults 

foe the ll' System 

Ttmiftl Ran~ 
~of 

Solllbtge lntoral 
Contaminant (ppb) (ppb) Elfkkncy 

Benzene 1000 5.2 99.5 

2<4000 
.. 

Toluene 5.2 99.9 

Xylene 110000 <1.0 >99.9 

Ethyl benzene 20000 -4.8 99.9 

~pthalene -4900 <330 >99.3 

Cardnogcnlc 
Priority PNAs <6000 <310-590 <90.2-9-4.5 

Hon-<arcl,.nlc 
Priority PNAs 890-6000 <330--450 >62.9-94.5 

Source: Weston Services, Inc.; 1 0 TPH &nt 

Table 7 
ReT.c Treafn'\4K\t Results Reftnery 

Vacuum Riter Cake (A) 

Orlglnol Tl'eGUd .m.JYGI 
Sampk Sampk Elfkkncy 

Compound (ppm} (ppm) <"J 
Naphthalene <0.1 <0.1 

Acenaphthylene <0.1 <0.1 

Acenaphthene <0.1 <0.1 

Fluorene 10.-49 <0.1 >91.9 

Phenanthrene -46.50 <0.1 >99.3 

Anthracene 9.80 <0.1 >96.6 

Fluoranthrene 73.9-4 <0.1 >99.8 
' Pyrene 158.37 <0.1 >99.9 

Ben.zo(b )anthracene 56.33 1.-43 97.5 

Ctvy5ene 6-4.71 <0.1 >99.9 

Ben.zo(b )fi!Xnnthene 105.06 2.17 97.9 

Ben.zo(k)fluoranthene 225.37 3.6-4 98.-4 

Benzo(a )p)"'ene -477.-4-4 10.25 97.8 

Benzo(ghi)per)'4ene 163.53 5.09 96.6 

lndeno(l23<d)pyrene 122.27 -4.16 96.6 

Treatment Temperature: o450"f 

Source: ReTec, Inc.; 100 lb/h unit 

filter cake. Tests with ueo.sote<ont.aminated day and coal 
tar-contaminated .soiu showed significant removal efftciencies 
(T"ables 8 and 9). All data were obtained through use of 
ReTec's 100 lb/h pilot scale unit processing actual industrial 
process wastes. 

; 

Table 6 
Swnmary Results ot the I.JTA., 

Full-Seal• Cleanup Tests 

c..-. Sol Trmlltl 
Jb l'rwGJ,rtl ,.,. (pplrt) (pplrt).:.. 

S. Kumey 16000 tDnS 'tOes 177.0(wg.) 0.17(wg.) 
PNil 1S.l1 (.,.~) 10.1 {r.og.) 

McJ(jn >9S00 cu )'ds 'tOes N().l310 ND-0.04 
2000cuyds PAHs <10 

~li& oC500 cuyds 
Gcas 

\'OCs UX"(r.og.) <0.2(wg.) 

Source: C..onie E~; oCO-SOTPH ~ 

Table a 
ReT.c Treatment Results Creosote-

Contaminated Clay 

Orlg/!lol Tn«ftl •mo\'01 
S4mpk ~Gntpk Effldency 

Compound (ppm} (ppm) (%) 

Naphthalene 1121 <0.1 >99.9 

Acenaphthylene <0.1 <0.1 

Acenaphthene 293 <0.1 >99.96 

Fluorene 297 <0. 1 >99.96 

Phenan\hrene <409 1.6 99.6 

Anthrancene . 113 <0.1 >99.7 

Fluoranthrene 553 1.5 99.7 

P)"'ene -495 2.0 99.6 

Ben.zo(b)anthracene 59 <0.1 >99.99 

Ctuysene -46 <0.1 >99.8 

Ben.zc>(b)fluoranthene 1-4 2.5 82.3 

Benzo(k)flucnnthene 1-4 <0.1 >99.8 

Benzo(a)pyrene 15 <().1 >99.9 

Oibenzo(ab )an\hracene <0.1 <:0.1 

Benzo(ghi)perylene 7 <0.1 >99.-4 

lndeno(123<d)pyrene ) <0.1 >99.3 

Treatment Temperature: SOO"f 

Source: ReT ec, Inc.; 1 00 lb/h unit 
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TabiG 9 
ReTec Treatment RNUifs Coal Ta

Contaminated Soils 

OdglnGI TIWJUd kmoval 
SGmpk SGmpk Elfkkncy 

COtrfXJU"d (ppm) (ppm) ~) 

Benzlene 1.1 <0.1 >9<4 

Toluene 2.3 <0.1 >95 

~ene 1.6 <0.1 >91 

Xylena 6.3 <0.) >9S 

367 • Naphthllene <1.7 >99 

Fluarene 144 <0.2 >99 

PheNnlhrene 223 18 91.9 

Anctv.cene 112 7.0 93.8 

Rucnnlhrene 21<4 15 91.0 

P)ftne 110 . 
11 90.0 

llenzo(b)lnthracene 56 <1.4 >97 

Chr)'!ene sa 1.7 93.6 

aenzo(b)fluoranlhene <45 <1.<4 >97 

Benzo(lc)fluoranlhene 15 <2.1 >9<4 

Beruo(a)wene 47 <0.9 >98 

lenzo(ghi)perylene 24 <1.1 >95 

lndeno(12l<d)pyrene 27 <6.2 >77 

Trutment Temp4nture: .CSO"'f 

Souu: ReTec. Inc.; 100 lb/h unit 

_Reqding Sciences International, Inc. (fonneny American 
Toxic Disposal, Inc.) has tested Its Desorption and Vaporization 
Extraction System (DAVES), formerly called the Vaporization 
Extraction System (VES), .t Waukegan Harbor, Illinois. The 
pilot-scale test demonstrated PCB reiTIOVCII from material con
taining up to 250 parts per million (ppm) to levels less than 2 
ppm [7]. 

RCRA LDRs that require treatment of wastes to best dem
onstrated available technology (BOAT) levels prior to land 
disposal may sometimes be detennined to be applicable or 
relevant and appropriate requirements for CERCLA response 
actions. LITO an produce a treated waste that meets treat
ment levels set by BOAT but may not reach these treatment 
levels In all cases. The ability to meet required treatment 
levels is dependent upon the specific waste constituents and 
the waste matrix. In cases where l lTD does not meet these 
levels, it still may, in certain situations, be selected for use at 
the site if a treatability variance establishing alternative treat
ment levels is obtained. Treatability veriarces are justified for 
handling complex soil and debris matrices. The following 
guides describe ~en and how to seek a treatability variance 
for soil and debris: Superfund LDR Guide •6A. •obtaining a 
Soil and Debris Treatability Variance for Remedial Actions· 
(OSWER Directive 93-4 7 .3-06FS, July 1989) [22], and Superfund 
LOR Guid~ 168, •obtaining a Soil and Debris Treatability 
Variance for Removal Actions• (OSWER Directive 93-47.3-07FS, 
D~ember _1989) [20). Another approach could be to use 

other veaunent techniques in series with LTID to obtain 
desired treatment levels. 

Technology Status 

Significant theoretical research is ongoing [16)[21], as 
well as direct demonstration of LTTD through both treatabil- -
ity testing and full-sale deanups. 

A successful pilot-sale demonstration of Japanese soils 
•roasting• was conducted In 1980 for the recovery of mercury 
from highly contaminated (up to 15.6 percent) soils at a plant 
site in Tokyo. The high concentration d mercury made 
rewvery and refinement to commercial gnlde (less than 99.99 
percent purity) economically feasible [13]. -

In this country, llTD technologies are the seJected rem
edy for one or rnc*e operable units at the following sites: 
McKin (~ine), Ottati &: Goss (New Hampshire), Cannon 
Engineering Corp. (Massachusetts), Fulton Terminals (New 
York), Greenwood Chemical Co. (Virginia), Resolve (Massa
chusetts), Wide Beach (New York), and Tinker Air Force Bast,'-""' 
(Oklahoma). 

Most of the hardware components of LTTD If\ available 
off the shelf and represent no significant problem d availability. 
The engineering and configuration of the systems are similarly 
refined, such that once a,system is designed full-scale, little or 
no prototyping or redesign is required. 

On-fine availability of the full-scale syStems desaibed in 
this bulletin is not documented. However, since the ex situ 
system an 'be operated in batch mode, it is expected that 
component failure an be identified and spare comPonents 
fitted quickly for minimal downtime. 

Sewral vendors have documented processing costs per 
ton of feed processed. The overall range varies from sao to 
S350 per ton processed f18](6, p. 12](9][2, p. 9]. Caution is 
recommended in using costs out of context beause the base 
year of the estimates vary. Costs also are highly variable due 
to the quantity of waste to be processed, term of the reme- -..-/ 
diation contract. moisture content. organic constituency of 
the contaminated medium, and cleanup standard to be 
achieved. Similarly, cost estimates should include such items 
as preparation of Work Plans, pennitting, excavation, pro
cessing itself, QA/QC verification of treatment perlormance 
and reporting of data. 

EPA Contact 

Technology-specific questions regarding LTTD may be 
directed to: 

Michael Gruenfeld 
U.S. Environmental Protection Agency 
Risk Reduction Engineering laboratory 
Releases Control Branch 
2890 Woodbridge Ave. 
Bldg. 10 (MS-1 04) 
Edison, NJ 08837 • 
FTS 340~625 or (908) 321-6625 
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THERMAL DESORPTION VENDORS 

CARL SWANSTROM I DICK AYEN 
GENEVA RESEARCH CENTER 
CHEMICAL WASTE MANAGEMENT 
2000 S. BATAVIA AVE 
GENEVA ,IL 60134 
(708) 513-4500 (FAX -0087) . 

5 TPD PILOT SYSTEM - CALIFORNIA RD&D PERMIT 
100 TPD SYSTEM TO REMEDIATE RE-SOLVE SF SITE 
BENCH AND PILOT-SCALE DATA 

ALISTAIR MONTGOMERY I MARTIN VORUM I MIKE TAYLOR 
SOIL TECH (CANONIE ENVIRONMENTAL SERVICES CORP) 
94 INVERNESS TERRACE EAST, SUITE 100 

-- ENGLEWOOD, COL 80112 
(303) 790-1747 

BRIAN BELL 

ROTARY DRYER SYSTEM; AOSTRA-Taciuk PROCESS 
2 SYSTEMS 5 AND 10 TPH 
WIDE BEACH, NY REMEDIATION - 7190-6191 
WAUKEGAN HARBOR, ILL REMEDIATION - 9191 

CANONIE ENVIRONMENTAL SERVICES CORP 
800 CANONIE DR 
PORTER, INDIANA 46304 
(219) 926-8651 (FAX - 7169) 

LTTA - LOW"TEMPERATURE THERMAL AERATION 
DIRECT HEATED ROTARY KILN 
REMEDIATIONS - MCKIN, S. KEARNEY, ETAL 

GEORGE D. SULLIVAN 
RECYCLING SCIENCES INTERNATINAL, INC. (AMERICAN TOXIC DISPOSAL) 
WilMETTE, IL 
(312) 251-6138 

MIXED VERTICAL BED (DAVES) -
DESORPTION AND VAPORIZATION EXTRACTION SYSTEM 
PILOT SYSTEM 8.5 TONSIHR 

ROGER K. NEILSON 
WESTON SERVICES, INC 
215 UNION BOULEVARD, SUITE 600 
LAKEWOOD, COL 80228 
(303) 980-6800 

LOW TEMPERATURE THERMAL TREATMENT (LT3-) 
FULL SCALE SYSTEM - 7.5 TPH 
FIELD REMEDIATION~ / DATA 
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SUBJECT: Draft Demonstration Test Plan: Pilot Test of Thermal Stripping of JP4 and 
Other VOCs from Soils at Tinker Air Force Base, Oklahoma City, Oklahoma 

.·-•t';' .~ .. 

.i:<~-~t~~~ 
'-;· 

(September 1988) .,_; 

FROM: Linda Galer 

TO: John Kingscott 

I have reviewed the subject document, which is a draft of the· plan to demonstrate 
Roy F. Weston's patented Low-Temperature Thermal Treatment (LT3) process at Tinker 
Air Force Base under the auspices of the U.S. Army Toxic and HM Agency 
(USATHAMA). The planned project is to process about 800 cy of soU contaminated 
with jet propulsion fuel (JP-4) and hydrocarbon solvents (primarily trichloroethylene). 
The project was originally scheduled for October 1988 through January 1989, including 
about three weeks for set up and five to eight weeks for the field tests. Weston is 
planning to provide process equipment, conduct the test, conduct stack- emissions 

.... ~·i"··· -~-... _, .. :· .#o ·,..,:·~-.· .; .,; ·-. 

testing;• and· provide on- and off-site analytical services. Weston·· apparently· has 
conducted full-scale operations using this technology between 9/1/88 and 10/31/88 to 
treat diesel fuel and gasoline contaminated soil at a site in Springfield, IL 

In order to familiarize you and me with the technology and proposed project, 
have summarized these below. The plan appears well thought out, and overall, I i 

believe will be an excellent SITE project. Lastly, I give a few concerns I have aoout 
the project. 

Site Background 

__ A sludge dump operated on the Tinker Air Force Base from 1961-1968 was used to 
dispose of waste oils and liquids from industrial operations and sludge from petroleum 
lubricants. Investigation of·the sludge dump in March 1988 indicated a hydrocarbon 
layer floating on the groundwater which closely resembled jet fuel•(JP-4). and 
contained other hydrocarboll'·solvents. High concentrations of solvents, primarily TCE. 
also found in water and soil !iamples. A final investigation in May 1988 delineated 
boundary of sludge dump area through soil borings. It was found that soil was 
contaminated with petroleum hydrocarbons and solvent to a 12-ft depth. Estimated 
about 900 cy of sludge-contaminated soil present. 

... :· .... 
~ .. -~~-~-:-~~~~-~ 
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Technology Description 

. Weston's. ~ow-Te~perature Thermal Treatment (LT3) process is desi ned to 
:~~ss~l~n!:'a~~~:t:: ~:~~ v~fatile organics and petroleum hydrocarbons_ !ithout :~::Jng 

h us on temperatures. The thermal processor ls an indirect h 
:~~p:n~~; ~~~~ t~0~Yt:nd ~tat contaminated soil to about 400oF, which evaporates e~~ 
fume incinerator. The e~:l~~ '[ht organic d vapors are processed in an afterburner or 
set up in two days. en s mounte on three tractor traller beds and can be 

Th~ p~an is to excavat~ 800 cy of _soli from the Landfill 3 sludge area and 
st.ockplle 1t next to the unlt on a 6-mll plastic liner, and covered with plastic Soil 
Wil} be trans~orted to the .system by a backhoe or front-end loader and fed into the 
unlt at 30-~n intervals. ·Soil is screened to less than 2 inches, passes througt, 3. 

power shreddmg device, then placed on the 2-foot wide and 40-ft long feed con·:~yor 
"--"mounted at a 60 degree angle. The conveyor is designed to convey 15,000 lb/hr of wet 

soil. Oversized material is removed and stockpiled for replacement in excavation area. 
The conveyor discharges to a 5-ftx5-ft surge hopper which holds 8,000 lb of soil, 
enough for 30 minutes of operation. The screws of the thermal processor extend into 
the bottom of the surge hopper, wlthdrawing feed material to create a "live bottom 
hopper• effect. (During 4 runs, solvent (hexane or water) will be applied by spray 
nozzles as the feed soil is placed into the surge hopper.) 

The thermal processor consists of two jacketed troughs (20ft long) one above tl)e 
other, each of which houses four intermeshed screw conveyors (18in. in diameter). Soil 
is carried across the upper tier of the processor by the screws, discharged at the end 
to the second tier via gravity. and moved in the opposite direction across the second 
tier, :exiting at the same end it entered. Hot oil is circulated through the hollow 
shafts and fiights of the screw conveyors and the hollow trough jackets. Residence 
tiine a·nd soil temperatuTe are varied by ·Changing rotational speed of the screws and 
hot oil temperature . 

...___ Soil is discharged from the thermal processor into a horizontal screw conveyor, 
then to a second screw conveyor. or conditioner, equipped with water spray nozzles to 
cool the discharge material and minimize fugitive dust emissions. Conditioned soil 
passes onto' an belt conveyor and discharged into a collection dump truck or hopper. 

Hot oil can be heated to a maximum of 650°F by a gas-fired burner. The 
combustion gases released from the hot oil system. which are at 700°F and low oxygen 
content. is used as a hot and relatively inert carrier in the thermal processor to sweep 
or remove volatiles frdin the processor. 

Sweep air and volatiles from the thermal processor are drawn into a fabri~ fil_ter 
for particulate removal. Oust from the filters drops to the bottom, collected m b1_ns 
and manually removed. The hot gases (300°F) exit the filter into a condenser. which 
removes condensable water vapor and organics. Condensed liquid is collected m a trap 
and pumped to the water treatment system. Off-gases go to the afterburner. as gas
fired fume incinerator operating at l,800°F. The afterburner chamber is 1Oft Ion~. 8ft 
wide, and 8ft high. The hot exhaust from the afterburn is mixed with ambient ~1r to 
cool it, and directed to the acid gas scrubber. where any acid gases are neutrallzed 
with sodium hydroxide. Scrubber blowdown liquor used to prevent salt buildup is 
collected for on-site treatment. 
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Liquid from the condenser is collected and pumped to gr_av~-~~Lo_il:-wa~er separator. · "" 
The light organic phased is removed by a skimmer, and the -~,t-et-·phase is directed to --:;;~.·~.~ 
a series of two carbon adsorption columns. The scrubber liquQr:fA~-~;also treated by the · -·- ----
carbon. The treated water is stored and sprayed on the treat~e([~oU.-for dust control. ~. ·;.;}~~ 
The organic phase ls stored ln a 55-gallon drum for off-sltetcUslfoi:al:.~<,~- .-~-,. _,_ ~- ':$.:_::=~:;.{ . ·:·,:·~ .. ~~-r-~~~-~·~~~ . -- . -~ ~:.:.;~~~~-· 

Test ObJectives 
- •• .--: ~- ':.;_ ;~ '•7L .• 

The objectives of the test are to demonstrate the following_:~'!~~. __ ·. 

o effectiveness of technology in removing JP-4 and TCE from soils 

o impact on performance caused by varying operational parameters (e.g., hot oil temp. 
and soil residence time) 

o impact on performance caused by adding solvents to the soils (e.g., hexane, water} 

o optimum range of operational parameters 

o compliance with Federal, State, or local air emissions requirements 

Operational Plan 

Fifteen test runs are planned, as follows: 

o stack tests during 3 test runs 

o ~ test runs to evaluate op\\murn operating conditions (3x3 matrix of 3 soil 
residence times (30, 45, and 60 min) and 3 hot oil ternp~ra~~!!S, (400,: 50_0, and 
600°F)J. -

o 4 test runs to determine the effect of adding solvent to feed soil to enhance 
stripping or volatilization simultaneous}~' with varying soil residence time and hot 
oil temperature 

Criteria 

The stated criteria for a successful demonstration are: 

o proce&sed soil achieving Goal Cleanup Level (ppb) for contaminants (listed in a 
table) 

o optimum operating conditions that effectively decontaminate the soil at a practical 
soil residtmce time and ~ttainable hot oil temperature 

·.·. 
' 
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Comments 

As I stated earlier, the project appears to ~e a good candidate tor a SITE 
demonstration. I have a few comments and concerns about this project, which 
given below. are 

o Another sampling point prior to screening/shredding step desirable to determine 
loss of volatiles during feed preparation. 

o We would want to determine how well fugitive emissions will be controlled prior to 
soil entering the thermal processor. 

o We should evaluate the adequacy of solvent blending, since· this could affect 
performance. . 

o The power shredder described in the text is not shown on Figure 2.1 or 5.1. Fig. 
"--" 2.1 shows a "vibrating screen" and 5.1 a "classifier." 

o Can the Air Force redispose of the treated soil into excavated area? I would 
think they would have to wait until the RI/FS was completed, the ROD signed, and 
the cleanup levels established. 

o Lastly, we would want to design the test. not to meet the goals stated in the draft 
plan, but to determine how performance varied with residence time and oil 
temperature, in particular, just how well the unit could treat. ' 

t· 
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REilLY TO 
ATTVmON OIF 

DEPARTMENT OF THE ARMY 
CORPS OF ENGINEERS. OMAHA DISTRICT 

215 NORTH ·17TH STREET 

OMAHA. NEBRASKA. &8102·•&1~78 

July 2, 1991 

Environmental Branch 

Kr. Robert Swale 
U.S. Environmental 
Region V 
230 South Dearborn 
Chicago, Illincis . 
Dear Kr. Swale: 

Protection Agency 

Street 
60604 

Enclosed are the comments on the Draft Feasibility Study of the American 
Chemical Services National Priorities List (NPL) Site at Griffith, Indiana, 
that yo~ requested. 

The Hydrologist suggested that the document be forwarded to the U.S. 
Army Corps of Engineers, Omaha District, Operations Division, Regulatory Sec
tion, for the additional 404/permit review comments. These comments will be 
forwarded to you at a later date . 

If you have any questions, please contact Ms. Jean Palensky, 
(402) 221-7765. 

Enclosure 

Sincerely, 

Chief, Environmental Branch 
Engineering Division 

telephone: 
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CORPS OF ENGINEERS 
ENGINEERING REVIEW COMMENTS 

Page- L. of . 1 ,_. . 
Datei14 JU:n 91 

'fo: Jean Palensky, CEMRO-ED-EA --~:. 
• :. _ ... # -~:.-:·-~. 

_. ~...:- ..... ~ ..... 
Design Phase1 Draft Feasibility 

. . . ' :.· :- ' . .. :.. - ._ .. 
Des iqned by: Warzyn, Inc. --- : ·-. ,.·-:· 

... 

Project:American Chemical Services Project Location• Griffith, IN 

comments by: M.D. Wichman Branch/SectioniCEMRO-ED-DK 

Drawing I o Item 
Paragraph I 

Wetlands 1 

Collllllents 

·. 
Additional. Federal Regulations affecting discharge ~- · 
natural wetlands include: J 

Executive Order 11990, Protection of Wetlands, stating 
actions taken by Federal· Agencies must minimize the
degradation of wetlands. 

Executive Order 11988, Floodplain Management, Preserve 
the natural as well as the beneficial values associafed 
with floodplains. 

Clean Water Act, sets discharge limits of 30 mqfL BOD, 
30 mg/L TSS, pH of 6.0 to 9.0. These levels represent 
the minimum secondary treatment level required, the 
actual NPDES permit may be more strict. :. . 

National Environmental Policy Act of 1969, 40 CFR 6, 
calls for a detailed Environmental Impact Stateme~ 
(EIS). ~ 

Fish·and Wildlife Coordination Act,•16 USC 6tl~666 as 
amended by Public Law 89-72 (7/9/65) requires 
consultation with Federal Agencies, the u.s. Fish and 
Wildlife Services and the National Marine Fisheries 
Services, on proposed actions ~ffecting fish and wildlife 
resources. -

En~angered Species Act of 1973, 16 usc 1351 et seq.as 
amended by Public Law 98-237 ,(6/25/84)may also be 
apRlicable if endangered or threatened species are 
present. 
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10 April 1991 

'10: JEAN PALENsb; CEMRO-ED-~ 
REGARDING: ~S ISSUE FOR ACS NPL SITE, GRIFFITH, INDIANA 
FROM: ANGELA WATMORE; CEKRO-ED-EF 

' 

According to the Feasibility Study for American Chemical Services NPL Site, here 
on out referred to as ACS, several RCRA listed hazardous wastes exist. 
Consequently, all of the other non-listed wastes at the site must be treated and 
handled as hazardo~ waste due to the derived-from and mixture rules of RCRA 
Subtitle C. See 40.CFR 261 and 262. Once a listed waste is always a listed 
waste, it does not matter how well the waste is treated. A de-listing pr~cess 
must be pursued to allow the treated waste to be considered non-hazardous in most 
cases, otherwise the land disposal restrictions would apply and the waste would 
not be allowed to be surface dischar&ed. ·See Petitions to Delist Hazardous 
Wastes: A Guld&nce Kaoual, PB85-194488, 1985, 40 CFR 148, and RCRA 3004(m). 
However, this on-site surface discharge will be governed by the Federal Vater 
Pollution Control Act (FVPCA)., and the fact that the wastewater from the de
watering process will be treated to a level adequate to meet National Pollutant 
Dischar1e Elimination System (NPDES) requirements alleviates the water 
characterization from RCRA. Therefore the de-listing process is not required to 
exempt the water from RCRA hazardous regulations after treatment of the water, 
since the water is being regulated under NPDES. See 40 CFR 261.4. 

· The FVPCA Sections 301 and 402 prohibit the discharge of pollutants unless 
authorized by a permit from EPA or an authorized state. A FVPCA 404 Permit from 
t~e U.S. Army Corps of Engineers and a NPDES Permit (See 40 CFR Parts 122-125) 
are usually required prior to surface c.'ischarging any possible pollutants. 
However, CERCLA Section 121(e) provides permit waivers for any remedial action 
done on-site. This is only an administrative/procedural exemption, the 
substantive requirements of the permit must still be met. For example, this 
would ,include any location restrictions that prevent discharge of treated water 
to wetlands and Federal, State, or local cleanup levels. The Indiana Vater 
Pollution Control Law Section 13-1-6-6 requirement for state certification would 
have to be substantively met also. 

EPA's Policy Stat~ment on wetlands (See 38 FR 10834, March 20, 1973) states that 
EPA intends to preserve the wetland ecosystems by protecting them from 
destruction by waste discharge. The addition of harmful waste should be kept 
below a level that will alter the natural, physical, chemical, or biological 
integrity of the wetland area and that will insure no significant increase in 
nuisance organisms through biostimulation. ld. at 10834. In accordance with the 
National Environ~~ental Policy Act of 1969 (NEPA), EPA will not grant funds for 
waste treatment that would involve a destruction of wetlands, unless there is no 
other existing alternative. EPA seeks to have the most envirotllllentally 
protective alternative selected. After prudent consideration of the ARARs for 
this wetlands issue and review of the ACS FS, as long as the water is treated to 
adequate levels that are agreed by EPA and the State or local agencies, the water 
could then be discharged to the wetlands which a're located on-site. Possibly 
cleaning the water up to Ambient Vater Quality Levels would help assure no damage 
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to the wetlands, however this is not required. The wastewater _treatment 
technologies proposed in considering alternatives for a CERCLA site are required 
to meet BeT/BAT requirements, pursuant to FWPCA Section 30l(b). CERCLA Section 
12l(d)(2)(B)(i) ~equires that the water quality criteria to be met be determined 
~ased on the.designated or potential use of the water, the media affected, the 
purposes of th~ criteria, and current information. tbe upshot oft this argument
is that the discharger would be acting as a POTW of sorts, and acting:under the 
substantive requirements of the NPDES Permit requirements. 40 CFR 261.4 exempts 
remedial actions that are being regulated by NPDES Permit facilities. 

In sUDDary, according to United States of America y. Hobbs, 32 ERC 2091 (DC EVa. 
1990), EPA has independent authority to determine whether certain property is 
subject to the FWPCA, even though the U.S. Army Corps of Engineers initially 
determines whether .said property is wetlands. If EPA determines that the 
remedial action selected is aeeting the substantive intent of the FVPCA NPDES 
Permit process, then the surface discharge will not be governed by RCRA, and the 
de-listing process would not be required. Additionally, the waste water would 
falt under Indiana's NPDES Program , which has been approved by EPA. See 56 FR 
21158, Kay 7, 1991. Under the authority of the FWPCA, Indiana may develop rules 
to allow implementation of the FWPCA. See Indiana Vater Pollution Law Section 
13-1-3-4 and 13-l-3-8. Therefore, the remedial action must meet the substantive 
requirements of the Indiana NPDES. If all of this substantive requirements are 
met to assure public, environment, and specifically wetland protection from any 
hazardous waste contamination., then the water may be discharged to the on-site 
wetlands. It is important to work with the Regional 404/Wetlands Office. during 
this process. 

• 
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omaha District 

CORPS OF ENGINEERS 
ENGINEERIN~ REVIEW COMMENTS 

To:CEMRO-ED-EA 
i 

Paqe 1 of 1 
Date: 06/13/91 

Desiqn Phase: FEASIBILITY STUDY Desiqn~d by:WARZYN, I:NC. 

Project: ACS NPL SITE 

Comments by: BI:LL DOAN 

Drawing # or :Item I 
Paragraph I : 

P. 3-17 1 

Project Location: GRIFFITH, IN. 

Branch/Section: CEMRO-ED-HE 

comment Action 

:DISCHARGE OF TREATED WATER TO 
WETLANDS-- A hydrologic water budget 
analysis of the existing wetlands and · 
wetlands wjtreated water should be 
performed. This would allow a 
comparison of pre and post project 
conditions to · determine if 
discharging treated water into the 
wetlands would negatively affect the 
hydrologic regime of the wetlands. 
Negative effects may be~ changes in 
natural seasonal flucuations in water 
surface depths, increases in overall 
water depths, etc. 

.. 
•· 
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CEMRO-ED-HF 19 June 1991 

• .. ~:: . ~ ... ":"· ·:. . ., : .. ' 
~ 

MEMORANDUM FOR CEMRO-ED-EA r • i 'r 0 ~ 

SUBJECT: REQUEST FOR SERVICES 
Project Name - American Chemical services 
Project Location - Griffith, Indiana 

; 

1. Reference your Memorandum dated 5 June 1991, subjec~ as 
above. .· . 
2. It· is not clear who will do the sampling associated with 
National Pollutant Discharge Elimination System (NPDES) 
discharge permits. This co~ld be an expensive item especially 
if conducted over a. periQd· of ~any ·years. In )~.ddi.t~oil, no 
mention is made of· what will be sampled. · · 

3. The 
impacts. 
treated 
seasonal 

subject document contains no discussion 
Impacts could occQr associated with 

surface water with groundwater as well 
flow regimes. 

of wetland 
substituting 
as changing 

.• 4. The subJect document states that treated water could be 
.·used to flush residual levels of contaminants from sediments 
in the wetlands and along ditches. !n addition, the dpcum~nt 
states that biological activity in wetlands could be enhanced 
tQ further reduce potential residual levels of contaminants. 
Flushing or disturbing such contaminants could result in 
exposing wildlife and humans to impacts. 

5. No 404 permits should be required since only ,water is 
being discharged to the wetlands. The NPDES permits discussed 
in the subject report are issued on a site specific basis by 
the appropriate state agency. Water quality personnel will 
provide assistance perminent to NPDES permitting if required. 
It is suggested that a copy of Draft Feasibility study be 
forwarded to Operations Oivis1on for additional permit review 
comments. 
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CEMRO-PD-M (200-1a) 18 June 1991 

~~ORANOUM FOR CEMRO-ED-EA (PALENSKY) 
i 

SUBJECT: American Chemical Services, Griffith, Indiana; Comments 
on Feasibility Study 

1. The Corps of Engineers has no jurisdiction in this case with 
regard to discharge of treated water to wetlands. The discharge 
of treated water to wetlands after pumping and·treating will 
probably require the approval of the State office responsible for 
water quality. ·· 

2~, Wetlands are protected under: 

a. Executive Order 11990, Protection of Wetlands 

b. 'section· 404 of the Clean Water Act 

c~ Various State requirements 

3. We are returning copy of Draft Feasibility study and Draft 
Remedial Investigation Report - ACS NPL Site - Griffith, Indiana. 

Encl 
~ . L-l4!'£ 

-J-uOBERT S. EB 
Chief, Envi o mental 

Analysis Branch 
Planning Division 
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